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CHAPTER ONE. GENERAL INTRODUCTION 
The Golden Mile is a large mesozonal gold deposit located within the famous 
Kalgoorlie Goldfield in the Norseman-Wiluna belt of the Yilgam Craton, Western Australia. 
It was first discovered in 1893 by Paddy Hannnon, Dan Shea and Tom Flanagan and is still 
actively being mined. It has produced over 1457 tonnes of gold. The area was historically 
mined as a series of underground workings with mining leases across the Kalgoorlie 
Goldfield owned and operated by several mining companies. This changed in 1989 when the 
company Kalgoorlie Consolidated Gold Mines formed with the goal of developing the 
"Super Pit" (a large open pit operation that when complete will span an area 4 km in length, 
1.5 km in width and 650 m in depth). 
Gold in the Golden Mile is found mostly as the native element although gold telluride 
mineralization accounts for approximately 20% of the total gold content (Bateman et al. 
2001b). Twenty telluride-bearing minerals have been identified (e.g., Stillwell 1931, 
Markham 1960, Travis 1966, Golding 1978). However, knowledge of the distribution of the 
tellurides has been impeded by the fact that most of these studies focused on specific lodes 
confined to individual leases. The development of the "Super Pit" afforded accessibility to 
the entire deposit and allowed for a more systematic study of the spatial distribution of the 
tellurides. Knowledge of this distribution could be useful as potential guides to ore at the 
mine, local and regional scales. 
One of the tellurides identified during this study was the rare Au-Sb telluride, 
montbrayite. There has been some uncertainty with respect to the composition of this 
mineral. Peacock & Thompson (1946) initially discovered the mineral in the Robb-
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Montbray mine, Quebec, Canada and proposed that the formula for montbrayite is Au2 Te3• 
However, experimental studies by Peacock & Thompson (1946), Markham (1960) and Cabri 
(1965) were unable to synthesize pure Au2Te3, finding that Au2Te3 was metastable at the 
expense of calaverite (AuTe2) and native gold. It was suggested that montbrayite required 
the presence of Sb and/or Bi (Rucklidge 1968) to be stabilize. However, Bachechi (1972) 
suggested that it could only be stabilized by minor amounts of Sb. This hypothesis was 
questioned when Genkin et al. (1999) reported an Sb-free, Bi-bearing montbrayite from the 
Voronezhsky Massif, Russia. This composition implied that trace elements other than Sb can 
stabilize montbrayite. 
The aims of this project are to: (i) determine the paragenetic sequence of ore 
mineralization at the Golden Mile, (ii) refine the geochemical conditions of ore formation 
based on the stabilities of tellurides, sulfides and native elements, (iii) evaluate the 
macroscopic distribution of native gold and tellurides in the Golden Mile, (iv) investigate 
potential mechanisms oftelluride depositions and (v) evaluate the composition of 
montbrayite based on data from the current study and the literature. 
Thesis Organization 
This thesis contains two manuscripts. "Telluride mineralogy of the Golden Mile, 
Kalgoorlie, Western Australia" will be submitted to The Canadian Mineralogist, whereas 
"Antimony-rich montbrayite ((Au,Sb)2Te3) from the Golden Mile, Western Australia, and its 
compositional implications" has been accepted for publication in Neues Jahrbuch fir 
Mineralogie, Monatshefte. Both manuscripts have been formatted to comply with the 
requirements of the individual journals. Figures and tables referred to within the text are 
included at the end of each manuscript, following the reference section. Additional data 
appendices follow the General Summary. 
References 
Bachechi, F. (1972): Synthesis and stability ofmontbrayite (Au2Te3). Amer. Min., 57, 146-
154. 
Cabri, L.J. (1965): Phase relations in the Au-Ag-Te system and their mineralogical 
significance. Econ. Geol., 60, 1569-1609. 
Genkin, A.D., Safonov, Y.G., Tsepin, A.I. & Scherbachev, D.K. (1999): Montbrayite from 
Voronezhsky Massif. Proc. Russian Mineral. Soc., 128, 93-94. 
Golding, Y.L. (1978): Mineralogy, geochemistry and origin of the Kalgoorlie gold deposits, 
Western Australia. Ph.D. thesis, University of Melbourne, Australia. 
Markham, N.L. (1960): Synthetic and natural phases in the system Au-Ag-Te. Econ. Geol., 
55, 1148-1178 & 1460-1477. 
Peacock, M.A. & Thompson, R.M. (1946): Montbrayite, a new gold telluride. Amer. Min., 
31, 515-526. 
Rucklidge, J. (1968): Frohbergite, montbrayite, and a new Pb-Bi telluride. Can. Miner., 9, 
709-716. 
Stillwell, F.L. (1931): The occurrence oftelluride minerals at Kalgoorlie. Proc. Australas. 
Inst. Min. Metall., 84,115-190. 
Travis, G.A. (1966): A study of the gold and telluride mineralization at Kalgoorlie, Western 
Australia. M.S. thesis, Imperial College, United Kingdom. 
3 
CHAPTER TWO. TELLURIDE MINERALOGY OF THE GOLDEN 
MILE, KALGOORLIE, WESTERN AUSTRALIA 
A paper to be submitted to the Canadian Mineralogist 
Jill M. Shackleton, Paul G. Spry, Roger J. Bateman 
ABSTRACT 
The Golden Mile is an unusual mesozonal gold deposit due to its enormous size {> 1,457 
tonnes of gold) and because tellurides are responsible for approximately 20% of gold 
production (Bateman et al. 2001). Gold mineralization is hosted primarily by Archean-aged 
gabbros and basalts that have been metamorphosed to the greenschist facies. This 
mineralization occurs in hundreds of shear zones as auriferous and telluride-bearing lodes, 
which have been classified into three structural types based on orientation (main (trending 
NNW), caunter (trending NW) and cross lodes (trending NE)). Three distinct styles of 
hydrothermal mineralization are present in the deposit. The older Fimiston- (characterized 
by main, caunter and cross lodes) and Oro ya- (V - and Te- rich lodes found in late tension 
gashes and veinlets that cut across shear zone fabrics) styles are overprinted by younger 
Mount Charlotte- (quartz vein stockwork) style mineralization. Twenty tellurium-bearing 
minerals ( calaverite, krennerite, sylvanite, montbrayite, petzite, coloradoite, hessite, stiitzite, 
altaite, tellurantimony, melonite, tetradymite, weissite, rickardite, mattagamite, frohbergite, 
one poorly identified gold-arsenic telluride, an unnamed nickel-rich telluride, nagyagite and 
native tellurium) have been identified at the Golden Mile. Calaverite, petzite, coloradoite, 
altaite and native gold are common throughout the deposit whereas tellurantimony, melonite, 
hessite, stiitzite, krennerite and sylvanite are rare in the main and caunter lodes. In addition, 
4 
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hessite and montbrayite are found in trace amounts in the cross and main lodes, respectively. 
Tellurides in Fimiston-style ores formed over a temperature range of approximately 300° to 
l 70°C during cooling of the deposit. The fugacities ofTe2 and S2 determined at these 
temperatures (300° and l 70°C), based on the stability of native elements, tellurides and 
sulfides, are logffe2 = -10.5 to -20.75 and logfS2 = -6.75 to -27.75 at l 70°C, and logffe2 = -
11.4 to -6.8 and logfS2 = -12.6 to -5.5 at 300°C. The variations in the vertical and lateral 
distribution oftetrahedrite group mineral compositions and tellurides in the Golden Mile 
deposit, proposed by Golding (1978), were not recognized in the present study but there does 
appear to be a weak to moderate decrease in gold fineness with depth. 
Keywords: Golden Mile, telluride gold deposit, paragenetic sequence, mineral zonation 
INTRODUCTION 
Gold commonly occurs as the native metal and/or electrum in the majority of 
mesozonal lode gold deposits. However, precious metal tellurides have been identified in 
several of these deposits including Bemers Bay, Alaska (Spry et al. 2000), Mother Lode, 
California (Weir & Kerrich 1987), Hemlo, Ontario (Harris 1989), Mcintire, Ontario 
(Burrows & Spooner 1986) and Commoner, Zimbabwe {Twemlow 1984) and can constitute 
an important component of the ore. Mineral zonation studies of epizonal and mesozonal gold 
deposits can provide critical information that can be used as potential guides to ore at the 
mine, local and possibly even regional levels. For example, Casey (2000) and Spry et al. 
(2000) found that deposits in the east end of the mesozonal Bemers Bay district in the Juneau 
Gold Belt, Alaska, contain assemblages dominated by native gold and calaverite, whereas 
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deposits in the west, north, south and southwest portions of the district are enriched in 
electrum and the silver-rich tellurides, petzite (Ag3AuTe2), hessite (Ag2 Te), stiitzite (Ags-
xTe3) and sylvanite ((Au,Ag)2Te4). Similarly the epizonal Golden Sunlight deposit, Montana, 
exhibits an increase in both the Au:Ag ratio and the ratio of calaverite (AuTe2) +native gold 
to calaverite + petzite assemblages with depth (Spry et al. 1996, Spry & Thieben 2000). 
Studies like these can provide information that can be used as an exploration guide at the 
mine, local and regional scales. 
The Archean Golden Mile, Western Australia, is one of the largest mesozonal gold 
deposits in the world and has produced> 1,457 tonnes Au. Gold in the Golden Mile is 
mostly found in the form of native gold (30%) although approximately 20% of it occurs in 
the form oftellurides (Bateman et al. 2001b). The remainder of the gold occurs as inclusions 
of native gold in pyrite (40%) and as "invisible gold" (5-10%) (Bateman et al. 2001b). Since 
1896, when tellurides were first discovered in the Golden Mile (Holroyd 1897), numerous 
mineralogical studies have identified twenty tellurium-bearing minerals (Table 1 ). Early 
mineralogical studies of Golden Mile ore (Pittman 1898, Macivor 1899, Krusch 1901, 
Spencer 1903, Merret 1905, Larcombe 1912, Thompson 1912, Simpson 1912) were 
undertaken by inspection of hand specimens and by bulk chemical analysis of individual 
minerals. Stillwell's (1931) classic study was the first to benefit from the advent ofreflected 
light microscopy. In the late 1950's, mineral identification was improved as a result of the 
use of X-ray diffraction and electron microprobe techniques. 
Although several mineralogical studies of ore in the Golden Mile were undertaken 
(e.g. Stillwell 1931, Markham 1960, Travis 1966, Golding 1978) Golding (1978) was the 
only one to attempt to evaluate the vertical and lateral variation in the distribution of 
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tellurides and the composition of metallic minerals. This was due primarily to the fact that 
up until 1989 the Golden Mile was split into individual leases that were owned and operated 
by different mining companies making it difficult to conduct a systematic mineralogical 
study of the deposit. Despite this difficulty, Golding (1978) reported that gold fineness 
decreased with depth, that montbrayite ((Au,Sb)2Te3) was restricted to the outer edges of the 
deposit and that tellurantimony was found only at depth. In addition, she proposed that Sb-
Ag-Zn-rich tetrahedrite group minerals occur at depth whereas the As-Fe-rich members exist 
at shallower levels. The development of the "Super Pit" (a large open pit operation that when 
complete will span an area 4 km in length, 1.5 km in width and 650 m deep) in 1989 by 
Kalgoorlie Consolidated Gold Mines afforded accessibility to different styles of ore 
throughout the deposit and allowed for a more systematic study of the spatial distribution of 
the tellurides to be conducted. 
The aims of the present study of the Golden Mile are to: (i) determine the paragenetic 
sequence of ore mineralization in Fimiston-style ore, (ii) refine the geochemical conditions of 
ore formation based on the stabilities oftellurides, sulfides and native elements, (iii) evaluate 
the macroscopic distribution of native gold and tellurides and (iv) investigate potential 
mechanisms of telluride deposition. 
GENERAL GEOLOGY 
The Golden Mile is located in the Kalgoorlie Goldfield of the Norseman-Wiluna Belt 
in the Yilgarn Craton, Western Australia (Figs 1 and 2). The general geology has been 
described in detail by Golding (1978), Phillips (1986), Clout (1989), Clout et al. (1990), 
Bateman et al. (200la,b) and others and is only briefly summarized here. Gold 
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mineralization is hosted primarily by Archean-aged gabbros and basalts that have been 
metamorphosed to the greenschist facies. The Kalgoorlie Goldfield consists of a 
stratigraphic succession ofmafic and ultramafic (komatiitic) rocks. U-Pb dates on rocks in 
the Kalgoorlie Goldfield range from 2708±7 Ma for the lowest exposed komatiitic flows of 
the Hannans Lake Serpentinite to 2681±5 Ma for felsic volcanics and volcaniclastic rocks at 
the top of the succession (Nelson 1997). The high-Mg Devon Consols and Paringa Basalts, 
the latter of which is strongly contaminated by crustal material (Bateman et al. 2001a), 
overlie the Hannans Lake Serpentinite. Between these two basalts is the Kapai Slate that 
consists of sulfidic mudstone and shale. The entire sequence is overlain by the Black Flag 
Beds, a pillowed to massive tholeiitic basalt layered with interflow sediments. Differentiated 
sills of gabbro and peridotite have been intruded throughout the sequence. The 
Williamstown peridotite was intruded at the boundary between the Kapai Slate and the 
Paringa Basalt whereas the Eureka-Federal gabbro intruded the Paringa Basalt unit. The 
uncontaminated Golden Mile-Aberdare gabbro, which is a weakly differentiated sill 
(Bateman et al. 2001a), occurs at the contact between the Paringa Basalt and Black Flag Bed 
units. The main hosts to ore are the Golden Mile gabbro and to a lesser extent the Paringa 
basalt (Clout et al. 1990). 
The Golden Mile is structurally complex and the relative timing of mineralization and 
other events are not well constrained. Bateman et al. (2001 b) recently proposed that four 
major deformational events affected the Golden Mile area. According to Bateman et al., 
deformation was initiated by an extensional event that was followed by a compressional 
event (D1) consisting of an east over west thrusting along the Golden Mile Fault. The second 
deformational event (D2) was an east-west compression that formed folds and thrusts. This 
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was followed by a series of regional transpressions (D3 and 0 4) resulting from right-lateral 
strike slip faulting where 03 consisted of ductile deformation and 0 4 was comprised of brittle 
deformation. Bateman et al. (2001 b) also suggested that the emplacement of the Fimiston 
porphyries occurred during the 01 event, greenschist facies metamorphism occurred prior to 
and during 01 and that the deposition ofFimiston-style mineralization occurred late during 
01. Bateman et al. proposed that the Fimiston-style lodes are slightly younger than the 
Oro ya-style mineralization, the latter of which was deposited during 0 2• Bateman et al. 
concluded that Fimiston- and Oroya-style ores resulted from one prolonged hydrothermal 
mineralizing event that was active during 0 1 and 0 2 and that Mount Charlotte-style 
mineralization formed during the latter part of03. Bateman et al.'s (200lb) findings have 
significant implications for the origin of the Golden Mile since they also suggested that the 
lodes were originally emplaced horizontally and later tilted into their current positions. This 
scenario differs dramatically from previous studies (e.g., Clout 1989, Clout et al. 1990) that 
proposed gold mineralization formed during the waning stages of deformation. Clout et al. 
(1990) argued that three deformational events affected the Golden Mile area. Although they, 
like Bateman et al. (2001 b ), believed that 0 1 consisted of a major thrusting event, Clout et al. 
(1990) suggested that ore mineralization formed during the latter part of02 after the 
development of shear zones, rather than during 0 1. Furthermore, Clout et al. ( 1990) 
proposed that 0 3 produced an anastomosing cleavage followed by hydrothermal alteration 
that was associated with the formation of Mount Charlotte-type gold-bearing quartz vein 
stockworks. Clout et al. regarded that two regional metamorphic events occurred 
synchronously with 01 (upper-greenschist facies) and 0 3 (sub-greenschist facies). U-Pb and 
Ar-Ar dating techniques (Kent & McOougall 1995, Yeats & McNaughton 1997) suggest that 
the age of the Golden Mile mineralization is -2630 Ma while the age of Mt. Charlotte-style 
mineralization is -2600 Ma (Bateman et al. 2001a). 
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Ore at the Golden Mile occurs in hundreds of shear zones as auriferous and telluride-
bearing lodes, which Finucane and Jensen (1953) classified into three structural types based 
on orientation: main (a strike of 315° - 330° and a dip of 80° - 85° east or west), caunter (a 
strike of 270° - 290° and a dip of 55° - 70° south) and cross (a strike of 40° - 70° and a steep 
dip north or south). Individual lodes vary in size from 30 to 1,800 min length, from 0.01 to 
10 min width and from 30 to 1,160 m vertically (Clout 1989). Gold mineralization in and 
around the Golden Mile is characterized by three distinct styles: Fimiston, Oroya and Mount 
Charlotte. Fimiston-style mineralization accounts for 70% of gold production within the 
Golden Mile and consists of auriferous and telluride-bearing shear zones characterized by 
main, caunter and cross lodes (Clout 1989). Oroya-style ore contrasts with Fimiston-style 
mineralization in that Oroya-style ore is located in late tension gashes and veinlets that cut 
across shear zone fabrics. This ore style is characterized by V-bearing minerals and a high 
proportion oftellurides (Nickel 1977, Nickel & Grey 1982). Mount Charlotte-style ore post-
dates the formation of Fimiston- and Oro ya-styles of mineralization and is dominated by 
quartz-stockwork ore from the Mount Charlotte deposit (Clout et al. 1990). Since the Mount 
Charlotte-style of mineralization is essentially devoid oftellurides it will not be discussed 
further. 
Tellurides form as fine-grained composite aggregates, massive segregations, 
composite grains with native gold, inclusions in and intergrowths with pyrite and tetrahedrite 
group minerals and as inclusions in carbonates and various silicates, including quartz and 
tourmaline, in Fimiston- and Oro ya-styles of mineralization. They are best developed at the 
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intersection of lodes or at the intersection between a lode and an unmineralized shear 
(Bateman et al. 200lb). According to Bateman et al. (2001b), telluride-rich shoots are more 
abundant in the upper 200 m of the mine either in the hanging wall of lodes in sericite 
alteration or in vanadian sericite alteration on the contact between the Golden Mile Gabbro 
and the Paringa Basalt. 
SAMPLING AND ANALYTICAL TECHNIQUES 
Three hundred and fifty samples were collected from all major structural lode and 
mineralization types (Figs. 2, 3, Appendix A). Samples were taken from the Fimiston-style 
Furness, Federal, Lake View/Main, No. 2, No. 3, Boulder and B main lodes, the Australia 
East #3, Perseverance and Morrison caunter lodes and the Associated #2, Tetley and Emerald 
cross lodes. Oroya-style samples were collected from the Oroya shoot and the Oroya, Green 
Leader and Blatchford lodes. In addition, a few specimens were obtained away from the 
"Super Pit" from the Mount Charlotte ore body and the Abedare, Mount Ferum, Oratava, 
Mount Percy and Hannans North lodes for comparative purposes. Although most samples 
were taken directly from drill cores, samples were also derived from exposures in the "Super 
Pit." 
Polished thin sections were made from two hundred and sixty seven of the samples 
collected and were optically analyzed with an Olympus BX-60 dual transmitted-reflected 
light microscope. Special attention was directed towards identifying sulfides, sulfosalts, 
tellurides and native elements (Appendix B). These minerals were analyzed by an ARL-
SEMQ electron microprobe at Iowa State University. Operating conditions included a 
voltage of20 kV, a beam current of 10 nA and a beam diameter of approximately 1 to 2 m. 
Standards used for the electron microprobe were pure metals (for Au, Ag, Te, Se and Cu), 
natural cinnabar (HgS) for Hg and the following synthetic minerals; matildite (AgBiS2) and 
bismuthinite (BiiS3) for Sb, orpiment (As2S3) for As, galena (PbS) for Pb, sphalerite ((Zn, 
Fe)S) for Zn and pyrrhotite (Fe1-xS) for Fe and S. The electron microprobe employed the 
PRSUPR data-reduction procedure of Donovan et al. (1992). 
PARA GENETIC SEQUENCE 
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Clout (1989) produced the most comprehensive paragenetic sequence of the Golden 
Mile ores when he identified three different alteration types in Fimiston- sfyle lodes (Table 2) 
and documented the paragenesis of each of the main mineral assemblages in these alteration 
types. The paragenetic sequences for each of these alteration types can be divided into three 
stages. Clout (1989) reported that the first stage ofFimiston-style mineralization is defined 
by ankerite-sericite-quartz-pyrite alteration distal to ore bodies. Stage 2 mineralization is 
dominated by sericite-ankerite-siderite-quartz-hematite-pyrite-telluride alteration, which is 
proximal to the lodes and is the main pyrite-bearing stage. Clout's stage 3 is characterized 
by the introduction of tellurides, sulfosalts and sulfides ( arsenopyrite, pyrrhotite, sphalerite, 
chalcopyrite and galena), which are spatially associated with vanadian sericite-ankerite-
quartz-siderite-hematite-pyrite alteration. The green coloration of the alteration (due to 
vanadian sericite) resembles that associated with Oroya-style mineralization. 
Despite Clout's (1989) detailed paragenetic studies, Radtke (1963) was the first to 
construct a paragenetic sequence of the Golden Mile ores. Radtke based this sequence, 
which he divided it into six stages, on a limited number of samples from the Oroya shoot that 
contained cuprian coloradoite ((Hg,Cu)Te). An early gangue stage, consisting of quartz and 
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carbonates, was followed by an iron oxide stage that contained magnetite, specularite and 
sericite. This stage, which correlates with Clout"s (1989) stage 1, was followed by a sulfide 
stage composed of early pyrite and later chalcopyrite that equates with Clout's stage 2. 
Tetrahedrite was also introduced late in this stage although it continued to be deposited early 
in the fourth stage (telluride-bearing), which is equivalent to Clout's (1989) stage 3. Radtke's 
(1963) study is the only one to consider the paragenesis of individual tellurides. He implied 
that there are three to four sub-stages of telluride mineralization within the telluride stage and 
proposed that cuprian coloradoite was deposited first followed by calaverite and coloradoite 
(HgTe). According to Radtke (1963), sylvanite and petzite overlapped in time but formed 
slightly later than coloradoite. Radtke also suggested that altaite (PbTe), melonite (NiTe), 
hessite, krennerite (AuTe2), nagyagite (Pb5AuTe,Sb )4S5_8, weissite (Cu5 Te3) and rickardite 
(Cu7Te5) were deposited last in the telluride stage. The telluride stage was followed by a 
native gold-bearing stage, which Radtke showed to be the main stage in which native gold 
was deposited. However, his suggestion is contradicted by subsequent studies (Clout 1989, 
McQueen et al. 1994) that provide evidence for native gold being deposited during the 
sulfide- and telluride-bearing stages. Last in Radtke's paragenetic sequence is an oxidation 
stage in which kaolinite, limonite, hematite and possibly supergene gold were deposited. 
A paragenetic sequence for the Golden Mile was also created by Scantlebury (1983) 
who concluded that two main phases of hydrothermal mineralization exist. Scantlebury 
proposed that the first phase consisted of auriferous pyrite, white mica, ankerite, siderite and 
quartz followed by a second, gold- and tellurium-bearing stage during which quartz, 
carbonates, white mica, vanadium minerals, sulfides, gypsum and hematite were deposited. 
Scantlebury's first phase loosely correlates with Clout's (1989) stages 1 and 2, while his 
14 
second phase equates to Clout's stage 3 
We have complemented the paragenetic studies of Radtke (1963), Scantlebury (1983) 
and Clout (1989) with mineralogical observations obtained in the present study and those of 
Stillwell (1931), Markham (1960) and Golding (1978) to generate a new paragenetic 
sequence for the Fimiston-style ores, which more accurately incorporates the paragenesis of 
the tellurides (Fig. 4). Early carbonates, quartz, albite and chlorite define the first stage of 
Fimiston-style mineralization (Clout 1989) whereas pyrite and native gold formed during the 
latter portion of Stage 1. As Clout (1989) reported, this was followed by the main stage (i.e. 
stage 2) of pyrite deposition. Tellurides, tetrahedrite group minerals and base metal sulfides 
constitute the third stage of mineralization during which native gold and pyrite continued to 
be deposited. In addition to the three main stages of ore mineralization proposed by Clout 
(1989) we have included a later supergene stage characterized by the presence of covellite 
and weissite. In this final stage, native gold formed by the decomposition of gold-rich 
tellurides. The telluride-forming event, which occurred during the latter half of stage 3, can 
be divided into two and possibly three sub-stages. Stillwell (1931, Fig. 23) documented 
petzite and hessite cross cutting krennerite and also illustrated veins of petzite cross cutting 
calaverite (Stillwell 1931, Fig. 31 ). His findings suggests that an early gold-rich sub-stage, 
dominated by the assemblage calaverite-native gold, was followed by a later silver-rich sub-
stage, consisting of assemblages rich in hessite (hessite-sylvanite-petzite, hessite-sylvanite, 
hessite-petzite and hessite-native gold). This observation is in agreement with Radtke's 
(1963) paragenetic sequence since he demonstrated that calaverite preceded the formation of 
sylvanite and petzite while hessite formed at a later time. Krennerite, montbrayite, sylvanite, 
petzite, coloradoite, altaite, melonite and tetradymite (Biz Te2S) are commonly found in both 
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the early gold-rich and the later silver-rich assemblages. However, nagyagite was reported in 
contact with calaverite (Markham 1960) but never with the silver-rich tellurides, which 
suggests that nagyagite formed during the early gold telluride sub-stage. According to 
Golding (1978), tellurantimony (Sb2Te3), frohbergite (FeTe2) and mattagamite (C0Te2) 
formed late in the telluride paragenesis. However, since none of these tellurides coexist with 
any precious metal minerals their paragenesis remains unclear. One sample documented by 
Stillwell ( 1931, Fig. 7) shows a vein of stiitzite cross cutting a petzite-hessite assemblage. 




Pyrite is the most common sulfide in the Golden Mile and, along with quartz and 
carbonates, is a major host to gold, precious metal tellurides and "invisible" gold. Textural 
studies by Phillips et al. (1988), McQueen et al. (1994) and Hagemann (1999) identified 
various pyrite morphologies within the Golden Mile. Although McQueen et al. (1994) 
recognized three different pyrite morphologies and forms (cubic, octahedral and 
pyritohedral), eleven different morphologies were subsequently documented by Hagemann 
(1999). McQueen et al. (1994) identified: (i) aggregates of polygonal to irregular pyrite 
grain, (ii) euhedral to subhedral pyrite grains exhibiting growth zoning and (iii) smooth 
subhedral to irregular pyrite grains that occur near the margin of the other two pyrite types. 
He also documented four different textural relationships between pyrite and native gold in 
the Golden Mile and found that native gold occurs as inclusions in pyrite, along grain 
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boundaries of pyrite, rimming pyrite grains, and as veinlets in pyrite grains. In the present 
study, native gold and precious metal tellurides ( calaverite, sylvanite, krennerite and petzite) 
were observed as inclusions in fine-grained disseminated pyritohedral pyrite (Fig. Sa), as 
infill between grain boundaries of pyrite grains and aggregates (Fig. Sb), as clingons along 
the edges of subhedral pyrites (native gold) and as infill between subhedral pyritohedral 
pyrite (precious metal tellurides). 
Pyrite in the Golden Mile is generally stoichiometric but it may also contain 
appreciable quantities of As. McQueen et al. (1994) reported compositional data for eight 
pyrite grains from the Golden Mile, four of which contained between 0.19 and 3 .22 wt. % 
As. The significant amount of As in pyrite coupled with the fact that arsenian pyrite with > 
0.2 wt. % As can contain invisible gold (i.e., gold that occurs in solid solution or as colloids, 
< 1000 A in size; Cook and Chryssoulis (1990)) prompted Vaughan (1996) to conduct a 
secondary ion mass spectrometry (SWS) study of five concentrates from B lode, and two 
each from South and Lake View lodes. It should be noted that invisible gold can constitute > 
50% of the total gold in a given deposit (e.g., Olympias, Greece (Cook & Chryssoulis 1990), 
Emperor, Fiji (Pals et al. 2001) and that concentrations as low as 150 ppb can be detected by 
SWS analysis (Spry & Thieben 2000). The five concentrates analyzed by Vaughan (1996) 
contained an average of3 to 25 ppm, which suggested to Vaughan that invisible gold may 
account for between 2.4% and 36.0% of the total gold in the samples that he analyzed. 
In a follow-up study of the deportment of gold in Fimiston ores, Bateman (1998) used 
laser-ablation microprobe-inductively-coupled plasma-mass spectrometry (LAM-ICP-MS) to 
qualitatively show a correlation between the As and Au content of pyrite. He documented 
that where Au was found to be greater than 10 times background levels, As was also 
consistently greater than 10 times the background levels. He thus confirmed that "invisible 
gold" exists in solid solution in As-rich pyrite. 
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Chryssoulis (1998) undertook further SIMS analyses of arsenian pyrite and 
arsenopyrite from the Golden Mile with an emphasis on determining whether or not there 
was a correlation between pyrite morphology and Au and As contents. Chryssoulis analyzed 
for Au and As in three types of pyrite: coarse, porous and microcrystalline. Gold 
concentrations of coarse, porous, and microcrystalline pyrite varied from 0.14 to 1. 70 ppm 
(average= 0.56 ppm), 0.16 to 87 ppm (average= 21 ppm) and 0.18 to 28 ppm (average= 5.0 
ppm), respectively. Arsenopyrite contained between 0.18 and 28 ppm (average= 4.6 ppm) 
gold. However, it should be noted that two grains of pyrite contained> 10 wt. % As (Fig. 6). 
Using the data of Vaughan (1996), Chryssoulis (1998) and Bateman (1998), Bateman et al. 
(2001 b) estimated that "invisible gold" constituted 5-10% of the total volume of gold in the 
deposit. 
The present study determined the As content of 50 pyrite grains from 33 different 
samples using electron microprobe analyses. Arsenic values ranged from 0 to 8.97 wt.% 
with twelve grains containing> 0.50 wt. % As (Table 3). In this limited study, we observed 
that coarse euhedral grains of pyrite did not contain detectable amounts of As whereas up to 
8.97 wt.% As was detected in some of the finer sub- to anhedral grains of pyrite (0.1 mm). 
Such a relationship is consistent with the findings of Chryssoulis (1998). 
Tetrahedrite group minerals 
Hopkins (1965) proposed that a correlation exists between gold grade and the As 
content oftetrahedrite group minerals (up to 8 dwts/ton) in the Perseverance lode at the 
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Golden Mile. This suggests that determining the distribution of As-rich tetrahedrite-group 
minerals (i.e. tennantite (Cu,Fe)12As4S13) could be useful for exploration purposes. 
Tetrahedrite group minerals (or fahlores) in the Golden Mile exhibit a wide range of 
compositions that vary from tetrahedrite ((Cu,Fe)12Sb4S13) to tennantite. They also display 
marked variations in Zn:Fe ratios (Fig. 7, Table 4). To evaluate whether or not there is a 
spatial variation with respect to the chemical composition of tetrahedrite group minerals, 
sixty-eight samples were analyzed. Not only was a marked variation in the composition of 
the tetrahedrite group minerals found laterally and vertically within the deposit, but wide 
compositional variations were also present for tetrahedrite group minerals in individual lode 
types and within individual samples. For example, sample 99KG-132 from the Australia 
East #3 Eastern caunter lode contained grains of both tennantite and tetrahedrite. Electron 
microprobe studies show that the As content oftetrahedrite group minerals range from 0.0 
wt.% As (pure tetrahedrite) to 21.22 wt.% As (almost pure tennantite), which is consistent 
with the compositional range of 0.3 to 20.5 wt% As obtained by Golding (1978). One 
notable feature of the tetrahedrite group minerals is that they generally contain< 1.0 wt.% 
Ag, which is in keeping with the low overall Ag:Au ratio of the ore. Sample 99KG-269 from 
the Emerald lode proved to be an exception, as it contained up to 3.96 wt.% Ag. 
There does not appear to be a compositional relationship between the tetrahedrite 
group minerals and tellurides, despite the intimate spatial relationship between the two 
mineral groups. Both tetrahedrite and tennantite were found in samples containing 
coloradoite (Fig. 5c ), hessite, calaverite (Figs. 5c, d), petzite (Fig. 5d), tellurantimony, 
melonite, altaite and native gold (Fig. 5e ). Although tetrahedrite was identified in a sample 
containing montbrayite, only tennantite was found in samples containing sylvanite and 
krennerite. Golding (1978) reported that calaverite is spatially associated with tennantite 




The majority of the gold in the Golden Mile occurs as inclusions of native gold in 
carbonates, silicates (quartz and tourmaline) and as intergrowths with and as inclusions in 
sulfides (pyrite (Fig. 5a) and chalcopyrite), sulfosalts (tetrahedrite and tennantite) (Fig. 5e) 
and precious metal tellurides (Golding 1978) (Fig. 5f). Fifty-five gold analyses from thirty-
two samples from the Golden Mile for this study show a range in gold fineness 
(lOOO(Au/(Au+Ag)) from 901 to 972 (Table 5). Data from Golding's (1978) study generally 
fall in the range 949 to 956. However, she documented eight gold compositions with > 5 wt. 
% Ag, three of which were electrum. Data taken from McQueen et al. (1994) includes 
eighteen gold analyses that showed a gold fineness range of 898 to 957. Gold compositions 
from this study, Golding (1978) and McQueen et al. (1994) are plotted in Figure 8 along with 
typical gold fineness values for mesothermal, Archean and epithermal gold deposits 
(Morrison et al. 1991). Figure 8 serves to illustrate the uniformity in gold compositions 
obtained in these three studies and the gold-rich nature of the Golden Mile gold-silver alloys. 
Telluride mineralogy 
Twenty tellurium-bearing minerals have been identified in the Golden Mile (Table 1): 
calaverite, krennerite, sylvanite, montbrayite, petzite, coloradoite, hessite, stiitzite, altaite, 
melonite, tetradymite, tellurantimony, rickardite, weissite, mattagamite, frohbergite, one 
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poorly identified gold-arsenic telluride, a nickel rich telluride, nagyagite and native tellurium. 
Some of these minerals are rare. In the present study, the following tellurides were 
identified: coloradoite, calaverite, petzite, krennerite, sylvanite, hessite, altaite, melonite, 
montbrayite and tellurantimony. 
Table 6 summarizes the relative abundance and distribution of native gold and 
common tellurium-bearing minerals in the Golden Mile. Calaverite and petzite are the most 
common precious metal tellurides and are abundant in the main and caunter lodes and less 
commonly in the cross lodes. Native gold, coloradoite and altaite are also relatively common 
in the main and caunter lodes but are less common in the cross lodes. Tellurantimony, 
melonite, hessite, stiltzite, krennerite and sylvanite are rare in the main and caunter lodes. 
Hessite and native tellurium were identified in trace amount in the cross lodes whereas 
montbrayite occurs in trace quantities in the main lodes. 
Calaverite: Calaverite occurs in each of the three major lode types from depths as 
shallow as 101.1 m below the surface to as deep as 667.2 m below the surface. Grains of 
calaverite (up to 0.3 mm in length) coexist with native gold as well as the precious metal 
tellurides, montbrayite, sylvanite and petzite (Fig. 5d) and the non-precious metal tellurides, 
coloradoite, altaite (Fig. 9a) and tellurantimony. Calaverite also occurs as inclusions in 
pyrite and in assemblages with tennantite (Figs. 5c, d) and has been reported in contact with 
montbrayite (Travis 1966, Golding 1978), krennerite (Travis 1966), sylvanite (Stillwell 
1931 ), melonite (Stillwell 1931 ), tellurantimony (Stokes 1989), tetradymite (Markham 1960), 
mattagamite (Golding 1978), frohbergite (Golding 1978) and native Te (Golding 1978). 
Calaverite analyzed in the present study contains 0.28 to 2.69 wt. % Ag, up to 0.58 
wt.% Sb and up to 0.18 wt. % Cu (Table 7 and Appendix C). These compositions are 
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consistent with those reported by Golding (1978) except that one calaverite analyzed by her 
contained as much as 2.2 wt. % Sb. 
Montbrayite: Montbrayite is a rare gold telluride that appears to require the presence 
of impurities (Sb, Bi, Ag and/or Pb) to stabilize its structure (see chapter three and 
Shackleton & Spry (2002a,b ). Montbrayite was found in two samples. One sample came 
from the No. 2 Western lode and the other was obtained from the Oroya shoot. Travis 
(1966), Golding (1978) and Stokes (1989) previously reported finding montbrayite in the 
Golden Mile. 
In the present study, grains ofmontbrayite up to 0.10 mm in size were found in 
contact with native gold, petzite and altaite (Figs. 9b, c) in quartz from a sample from the No. 
2 Western lode. A second grain of montbrayite < 0.10 mm in size was also found in contact 
with pyrite in a sample from the Oroya shoot. Other studies of montbrayite from the Golden 
Mile have identified it coexisting with calaverite (Travis 1966, Stokes 1989), sylvanite 
(Travis 1966) and melonite (Travis 1966). Montbrayite analyzed here contains up to 7.46 wt. 
% Sb, which is the most Sb-rich montbrayite yet reported. For a detailed discussion of the 
composition ofmontbrayite see Chapter 3 and Shackleton & Spry (2002a,b). However, it 
should be noted the formula for montbrayite of (Au,Sb )z Te3 (Bachechi 1972) may be 
inappropriate and that it is more likely to be (Au,Ag,Sb,Bi)2(Te,Sb,Bi)3. 
Krennerite: In the present study, krennerite (0.30 mm in length) was found only in 
one sample from the Lake View Eastern Main lode where it coexists with quartz in 
coloradoite (Fig. 9d). However, krennerite was identified previously in the Golden Mile in 
contact with native gold and calaverite (Travis 1966), sylvanite (Travis 1966), petzite 
(Stillwell 1931, Travis 1966), stiitzite (Golding 1978), hessite (Stillwell 1931, Travis 1966), 
altaite (Stillwell 1931 ), nagyagite (Markham 1966), melonite (Stillwell 1931) and weissite 
(Stillwell 1931). Our analyses show that the Ag content ofkrennerite ranges from 3.68 to 
5.19 wt.% (Table 7, Appendix B). These compositions are similar to those reported by 
Golding (1978). 
Sylvanite: Two samples of sylvanite were found in the present study. One sample 
was collected from the No. 2 Western lode whereas the second sample came from the Lake 
View/Main lode. Sylvanite occurs in contact with calaverite and altaite. Sylvanite also 
coexists with montbrayite (Travis 1966), krennerite (Travis 1966), petzite (Stillwell 1931, 
Travis 1966, Markham 1960), stiitzite (Golding 1978, Markham 1960), hessite (Stillwell 
1931, Baker 1958, Markham 1960), coloradoite (Markham 1960), melonite (Baker 1958), 
weissite and native tellurium (Golding 1978, Markham 1960). 
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The composition of sylvanite (11. 7 4 to 12.93 wt. % Ag) obtained herein is similar to 
that reported by Golding (1978) (Table 7). The one exception to this generalization is that 
Golding found sylvanite in an assemblage ofkrennerite-sylvanite-petzite-coloradoite with a 
wide range of silver contents ( 6.10 to 13 .10 wt. % Ag). Silver-rich sylvanite is to be 
expected if it formed in equilibrium with petzite whereas Ag-poor sylvanite will likely occur 
in contact with krennerite (Fig. 10). 
Petzite: Like calaverite, petzite has a wide spatial distribution and occurs in all major 
lode types. It was found at depths ranging from 101.1 to 678.1 m below the surface. Petzite, 
up to 0.10 nun in length, coexists with precious metal tellurides (calaverite (Fig. 5d), 
montbrayite (Fig. 9b) and hessite ), non-precious metal tellurides ( coloradoite, altaite and 
tellurantimony), native gold (Fig. 9c) and tennantite (Fig. 5d). In addition, grains of 
coloradoite ( < 50 µm in length) occur as inclusions in pyrite, quartz and carbonates. Petzite 
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also occurs in contact with krennerite (Travis 1966, Golding 1978), sylvanite (Stillwell 1931, 
Travis 1960, Markham 1966), melonite (Travis 1966, Markham 1960), nagyagite (Markham 
1960) and tetradymite (Markham 1960). 
Most petzite compositions from the Golden Mile are close to that expected for 
stoichiometric petzite except that some show slight enrichments in Ag. Silver contents of 
petzite obtained here range from 40.03 to 43.76 wt.% (Table 7) and are similar in 
composition to those reported by Golding (1978). This compositional variation is due to 
steep thermal and electric field gradients that occurs around the electron impact spot resulting 
in the diffusion of Au during electron probe analyses (Rucklidge & Stumpfl 1968). This 
diffusion phenomenon was restricted to petzite and has been reported previously by Spry et 
al. (1997) and Casey (2000) during the analysis ofpetzite from the Golden Sunlight 
(Montana) and Bemers Bay (Alaska) deposits, respectively. 
Stiitzite: Stiitzite is rare in the Golden Mile and was not found during this study. It 
occurs in contact with krennerite (Golding 1978), sylvanite (Markham 1960), tellurantimony 
(Golding 1978) and as veins cross cutting pyrite and hessite (Stillwell 1931). Golding 
reported that stiitzite from the Golden Mile contains a small amount of Au resulting in 
compositions ranging from Agi.11Au.o.02 Te3 to Agi.nAUo.004 Te3. 
Hessite: Hessite occurs as grains up to 0.15 mm in size in assemblages with native 
gold, coloradoite (Fig. 9e) and petzite as well as individual grains in quartz and carbonate in 
the Australia East #3 eastern caunter lode, the Boulder W estem main lode, and the Oratava 
lode north of the Golden Mile. It was previously documented in contact with native gold 
(Baker 1958), sylvanite (Stillwell 1953, Baker 1958, Markham 1960, Travis 1966), altaite 
(Stillwell 1931, Baker 1958, Golding 1978), coloradoite (Travis 1966) and tetradymite 
24 
(Markham 1960). Electron microprobe analyses obtained here show that hessite contains up 
to 1.13 wt.% Au (Table 7) whereas Markham (1960) reported hessite with up to 0.8 wt.% 
Au. 
Coloradoite: Coloradoite is the most common non-precious telluride found in the 
Golden Mile. It occurs in all major lode types as grains up to 0.60 mm in size in assemblages 
with native gold (Fig. 9e ), calaverite, krennerite (Fig. 9d), sylvanite, petzite, altaite and 
melonite (Fig. 9f) and as inclusions within tetrahedrite group minerals and pyrite. 
Coloradoite was also observed as individual grains in quartz and carbonate and with other 
tellurides including hessite (Baker 1958, Markham 1960), nagyagite (Markham 1960), 
tellurantimony (Travis 1966), tetradymite (Markham 1960) and weissite (Baker 1958). Trace 
amounts of Ag (up to 0.39 wt.) were commonly seen in the coloradoite grains analyzed for 
this study (Table 8). 
Cuprian coloradoite: Cuprian coloradoite was identified by Radtke (1963) in the 
Oroya Shoot associated with coloradoite, calaverite, petzite, sylvanite and native gold. It 
contains between 11.50 and 12.14 wt. % Cu and has not been reported at the Golden Mile, or 
elsewhere, since its initial discovery by Radtke. 
Altaite: Altaite is a fairly common accessory mineral in the Golden Mile. In this 
study, altaite grains up to 0.4 mm in length were observed in seven samples from various 
main lodes, in three samples from the Oroya lode, and in one sample from the Oratava lode 
(north of the Golden Mile). It occurs in contact with native gold (Fig 5f), calaverite (Fig 9a), 
montbrayite (Fig 9b ), petzite, hessite, tellurantimony and coloradoite. Previous studies also 
reported altaite coexisting with krennerite (Golding 1978, Stokes 1983), sylvanite (Stillwell 
1951 ), melonite (Markham 1960) and native tellurium (Travis 1966). 
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Melonite: A grain of melonite, 1.2 mm in size, was observed in the present study 
coexisting with coloradoite in carbonate(Fig 9f). Earlier studies observed melonite in contact 
with calaverite (Stillwell 1931, Markham 1960, Travis 1966), montbrayite (Travis 1966), 
krennerite (Stillwell 1931, Travis 1966), petzite (Markham 1960, Travis 1966) and altaite 
(Markham 1960). 
Ni-rich te/luride: fu addition to melonite, Scantlebury (1983) observed a nickel 
telluride (Nh Te3) in the 809/1 lode. It contains up to 23.5 wt~ % Ni and has not been 
reported since. 
Tetradymite: Tetradymite was first identified by Simpson (1912) and later by 
Markham (1960) who documented it in contact with petzite, sylvanite, hessite, calaverite, 
coloradoite and native gold. 
Nagyagite: Although nagyagite was not observed in the present study, it has been 
reported in contact with krennerite (Markham 1960), coloradoite (Stillwell 1953, Markham 
1960) and petzite (Stillwell 1931, Markham 1960). 
Weissite: Weissite was not identified during the present study. However, previous 
studies identified it in contact with coloradoite (Baker 1958), krennerite (Stillwell 1931, 
Markham 1960) and sylvanite (Stillwell 1931). Weissite appears to be restricted to the 
supergene stage of mineralization where it has been recorded in samples containing 
secondary chalcocite and covellite (Markham 1960). 
Te/lurantimony: fu this study, tellurantimony was observed in four samples in the 
Oroya, B eastern main lode and No. 4 Western main lode where it occurs in contact with 
petzite, native gold and altaite. In addition, it has been reported coexisting with calaverite 
(Stokes 1983), coloradoite (Travis 1966), srutzite (Travis 1966) and native tellurium (Travis 
1966). Electron microprobe analyses show that tellurantimony contains between 0.61 and 
1.86 wt.% As and 0.25 to 0.67 wt. % Pb {Table 8). 
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Au-As telluride: Travis (1966) identified a previously undescribed Au-As telluride in 
two samples coexisting with calaverite, petzite, coloradoite, bornite and tetrahedrite. The 
mineral was pale-bluish-gray in color and anisotropic. Due to the lack of a suitable As 
standard, Travis (1966) was unable to determine the exact composition of the mineral 
although he was able to show that it was dominated by Au, As and Te and contained a minor 
amount of Pb. His qualitative analysis of55 wt.% Au, 20 wt.% As and 25 wt.% Te 
equates to an approximate stoichiometry of Au3As3 Te2• However, such a formula is unlikely 
due to charge balance considerations. 
Mattagamite: The rare cobalt telluride mattagamite was identified in one sample 
south of the Golden Mile (Golding 1978) where it occurred in contact with pyrrhotite, 
frohbergite, calaverite, montbrayite and native gold. Golding showed that it contained up to 
0.6 wt.% Sb and up to 5.2 wt.% Au and suggested that both these elements substituted for 
Co. The large amount of gold led her to refer to this mineral as "auriferous mattagamite." 
Frohbergite: Frohbergite is a rare iron telluride that has only been identified once at 
the Golden Mile. Golding (1978) found frohbergite in the same sample as the mattagamite 
grains where it also occurs in contact with petzite, calaverite, native gold, pyrrhotite and 
ankerite. 
Native tellurium: Native tellurium is rare in the Golden Mile and was first identified 
by Macivor (1899). Markham (1960) reported its presence in the Tetley lode in contact with 
sylvanite. Travis (1966) documented it in the Boulder lode as a replacement of 
tellurantimony whereas Scantlebury (1983) observed native tellurium in the Blatchford lode 
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as 0.1 to 2 mm long grains, which appeared to have replaced altaite. 
DISCUSSION 
Telluride-bearing assemblages 
Unlike their epizonal counterparts, which may contain a wide variety oftellurides 
(e.g., Zhang & Spry 1994), mesozonal gold deposits are normally characterized by a 
relatively simple array oftellurides. The Golden Mile appears to be unique among 
mesozonal gold deposits due to the abundance and variety oftellurides it contains. Although 
twenty tellurium-bearing minerals have been identified, many of those (e.g., frohbergite, 
mattagamite, weissite and native tellurium) are rare. The most common telluride 
assemblages in the Golden Mile are coloradoite-petzite, calaverite-coloradoite, altaite-
hessite, calaverite-native gold, calaverite-petzite and hessite-sylvanite. Less common 
assemblages include altaite-montbrayite, altaite-petzite, calaverite-krennerite, calaverite-
melonite, coloradoite-native gold, coloradoite-krennerite, native gold-petzite, native gold-
tellurantimony, hessite-petzite and altaite-montbrayite-petzite. Although these are the most 
common telluride assemblages reported in the Golden Mile, eighty-eight different telluride 
assemblages have been documented (Table 9). 
Stable assemblages in the system Au-Ag-Te that have been identified in the Golden 
Mile are shown in Figure 10. This ternary diagram serves to support textural studies 
suggesting that at least two generations of telluride mineralization formed in the Fimiston-
style lodes during stage 3. An early Au-rich generation dominated by the assemblage 
calaverite-native gold was followed by a later Ag-rich generation containing petzite, 
krennerite, sylvanite, stiitzite and hessite (Fig. 10). Tie lines have been drawn between most 
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of the stable assemblages listed in Table 9; however, a tie line has not been shown for the 
rare assemblage krennerite-stiitzite, which was first identified by Golding (1978). The tie 
line for this assemblage would cross the tie lines shown in Figure 10 suggesting that it did 
not form under the same physiochemical conditions as the early (gold-rich) and late (silver-
rich) generations of tellurides. A second example of crossing tie lines and an example of 
disequilibrium is associated with the assemblage calaverite-sylvanite, which was observed in 
this study and previously by Stillwell (1931) and Markham (1960). According to the tie line 
configuration shown in Figure 10 both minerals should coexist with krennerite rather than 
with each other. 
It should be noted that Cabri (1965) addressed this apparent equilibrium problem 
while performing a series of fusion experiments involving minerals in the system Au-Ag-Te. 
During his study, he was able to synthesize the assemblage calaverite-krennerite-sylvanite, 
which according to the Figure 10 is unstable. Cabri (1965) found that calaverite and 
sylvanite both formed more quickly than krennerite and that krennerite took progressively. 
longer to form as temperatures fell. He also suggested it is possible that krennerite may not 
be stable at temperatures below 270°C. Either of these scenarios could explain the presence 
of the assemblage calaverite-krennerite-sylvanite at the Golden Mile. This assemblage is 
relatively common in nature, having been reported previously in Boulder County, Colorado 
(Kelly & Goddard 1961), the Bemers Bay district, Alaska (Casey, 2000) and elsewhere. 
Distribution of metallic minerals 
Golding (1978) suggested that tetrahedrite group minerals, native gold and 
montbrayite are spatially zoned in the Golden Mile. She claimed that tetrahedrite group 
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minerals are present in the Western lodes, with the Sb-Ag-Zn rich members being found at 
depth and the As-Fe rich members occurring closer to the surface. However, when her data 
are combined with the compositions of tetrahedrite group minerals obtained in the present 
study from W estem lodes, no vertical distribution is apparent. Furthermore, a vertical 
zonation in the composition of tetrahedrite group minerals from the Eastern lode system was 
also not observed. On the contrary, As-rich and As-poor fahlores were both identified at 
depths ranging from 100 to > 600 m below the surface. A lateral variation in the composition 
oftetrahedrite group minerals is also absent (Fig. 11). 
Based on gold fineness values obtained in the present study and those reported by 
Golding (1978), there appears to be a decrease in gold fineness values with depth. High gold 
fineness values (up to 971) were found as shallow as 64.7 m below the surface of the deposit 
whereas more Ag-rich gold grains (fineness values as low as 901) appear to be restricted to 
much greater depths (400 to 675 m below the surface). A plot of average gold fineness 
values versus depth for twenty-four samples analyzed during the present study illustrates a 
weak to moderate positive correlation of 0.48 (Fig. 12). Note that Figure 12 does not include 
the presence of one outlier, a gold grain with a fineness of972, which was found 354.8 m 
below the surface. According to Gammons and Williams-Jones (1995) many factors control 
the composition of gold-silver alloys in ore deposits including temperature, activities of 82 
and 02, concentration of er, pH and total Au/ Ag content. It is unclear whether one or more 
of these parameters systematically varied during the deposition of the gold ore at the Golden 
Mile. We speculate that the vertical variation in fineness values is likely the result of 
changes in several of these parameters reflecting the complex evolution of the ore-forming 
fluid (Phillips et al. 1996, Bateman et al. 2001b). 
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Golding (1978) reported that montbrayite was restricted to the edges of the Golden 
Mile. However, this observation was based on only three montbrayite-bearing samples. 
Whether any lateral or vertical variation in the distribution of montbrayite exists remains 
uncertain due to the limited number of montbrayite samples collected in the Golden Mile. 
However, it should be noted that we identified montbrayite in the No. 2 Western lode, which 
is located near the middle of the deposit. Combining the samples utilized in the present study 
with those collected by Golding (1978), suggests that there is no lateral or vertical variation 
in the distribution of any tellurides, including montbrayite in the Golden Mile (Figs 13, 14, 
15, 16). 
Conditions and mechanisms of telluride deposition 
Estimates of the temperature of ore formation for the Golden Mile are ambiguous and 
are based primarily on fluid inclusion studies by Ho (1987), Clout (1989) and Ho et al. 
(1990) and on chlorite (Phillips & Gibbs 1993), sulfur isotope (Golding & Wilson 1983) and 
calcite-ankerite (Phillips & Brown 1987) geothermometry. 
Clout (1989) reported that homogenization temperatures for Fimiston-style gold 
mineralization ranged from approximately 110° to 250°C (most fell in the 170° to 250°C 
range) and that salinities varied from 0 to 13 wt.% NaCl eq. The presence of coexisting COi-
rich (H20-poor) and mixed aqueous-carbonic inclusions suggested to Clout that these fluids 
had undergone phase separation. Ho (1987) and Ho et al. (1990) reported that fluid 
inclusions in Fimiston-style ores from the Lake View lode were three phase aqueous-
carbonic fluids that homogenized between 160° and 240°C. In contrast to Clout (1989), who 
reported a wide range of salinities and C02 contents for Fimiston-style ore fluids, Ho et al. 
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(1990) suggested that these fluids contained 15-20 mole% C02 and <5.5 wt.% NaCl eq. 
According to Clout (1989), Oroya-style mineralization was deposited at 170° to 
220°C. This temperature range is significantly lower than that (225° to 355°C) reported by 
Ho (1987) and Ho et al. (1990), who also noted that Oroya-style fluids were H20-C02-CRi-
bearing and oflow salinity (<5 wt.% NaCl eq.). 
Ho et al. (1990) concluded that Fimiston-style gold was deposited at 1.5 to 4 kbar and 
280° -330°C, after correcting the homogenization temperatures for pressure. These 
temperatures are in agreement with temperatures obtained by Golding & Wilson (1983) using 
sulfur isotope data (250°C ± 50°C) and by Phillips & Brown (1987) using the calcite-ankerite 
geothermometer (330°C±40°C). Although, it is unclear whether any of the samples used by 
Golding & Wilson and Phillips & Brown were related to the deposition of tellurides, it 
should be noted that Phillips et al. (1996) considered the fluid inclusion (Ho et al. 1990), 
stable isotope (Golding et al. 1990) and alteration assemblage (Phillips 1986) studies to 
indicate gold deposition occurred at approximately 300°C. 
It is clear from paragenetic studies ofFimiston-style mineralization that there are at 
least two sub-stages. of telluride deposition in stage 3, an earlier calaverite-rich assemblage 
followed by a sub-stage dominated by more silver-rich tellurides (krennerite, petzite, 
sylvanite and hessite; stiitzite may have formed even later). Based on the geothermometric 
studies for stage 3 mineralization discussed above, it is likely that the maximum temperature 
of telluride deposition was about 300°C. This temperature matches ·well with a maximum 
temperature of 290°C for the stability of the assemblage sylvanite-calaverite (Kelly & 
Goddard 1969). The fluid inclusion studies of Clout (1989) suggest a lower limit of 
approximately 170°C for Fimiston-style (telluride-bearing mineralization. However, it is 
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apparent that petzite, sylvanite, and hessite were deposited below this temperature because 
the assemblages petzite-sylvanite and sylvanite-hessite are not stable above 170°C (Cabri 
1965). Telluride stabilities coupled with the fluid inclusion data suggest that tellurides were 
precipitated over a wide range of temperatures. The fugacities of 82 and Te2 have been 
estimated (Figs. 17, 18) based on the mineral parageneses observed for the early gold-rich 
(assuming a maximum T = 300°C) and later silver-rich (assuming a maximum T = 170°C) 
telluride sub-stages and the experimental data for tellurides and sulfides given in Afifi et al. 
(1988). 
It should be stressed here that these diagrams illustrate the conditions of ore 
formation for these two temperature extremes although telluride deposition most likely 
occurred over the entire temperature range. Figure 17 shows the approximate stability field 
for the gold-rich early sub-stage Fimiston ores at 300°C (logff e2 = -11.4 to -6.8 and logfS2 = 
-12.6 to -5.5) based on equilibrium assemblages involving pyrite, calaverite, native gold, 
chalcopyrite and coloradoite. An expanded stability field is evident at 170°C based on 
equilibrium assemblages involving hessite, coloradoite, frohbergite, pyrrhotite, stiitzite and 
native tellurium (logfS2 = - 6.75 to-27.75 and logffe2 = -10.5 to -20.75) (Fig. 18). 
Origin of the Golden Mile and its relationship to the deposition of tellurides 
The origin of the Golden Mile is steeped in controversy and is based on several 
genetic models. Reviews of the more acceptable models are summarized by Phillips (1986) 
and Bateman et al. (2001b) and will not be repeated here but they include exhalative (Tomich 
1974, 1976), magmatic-epithermal (Clout 1989) and metamorphic-replacement models 
(Phillips 1986, Groves & Phillips 1987, Phillips et al. 1987). 
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There is a high proportion of precious metal tellurides and intimately associated 
vanadium minerals in the Golden Mile. Although this association is unusual for a deposit 
generally regarded as mesozonal, it is not unique, since tellurides and V minerals have been 
identified in the Mother Lode, California (Weir & Kerrich 1987) and Hemlo, Ontario (Harris 
1989). Such minerals are considerably more common in epizonal ores in which Au, Te and 
V are generally attributed to an alkaline igneous source. Clout (1989) utilized this elemental 
association, highly variable fluid salinities and 0 and H isotope compositions to support an 
epithermal (i.e. epizonal) origin for the Golden Mile. However, there are several problems 
with the epizonal model including the presence of distinctive chlorite-carbonate alteration 
zone, the high gold fineness values and the carbonic nature of the ore fluids, which are more 
characteristic of mesozonal ores. Despite these concerns, the fact remains that fluid inclusion 
homogenization temperatures for Fimiston-style and Oroya-style mineralization primarily 
range from 300° to 170°C and suggest that mineralization formed near the epizonal-
mesozonal transition. 
Cooke & McPhail (2001) used the computer program CHILLER (Reed 1982) to 
numerically model mechanisms of telluride deposition in the epithermal Acupan gold-silver 
telluride deposit, Philippines. Their modeling allowed them to evaluate the relative 
importance of processes such as boiling, fluid mixing, cooling, pressure throttling, wall rock 
interaction and condensation over the temperature range 150° to 300°C. Using input 
parameters based on fluid inclusion and stable isotope studies, Cooke & McPhail surmised 
that the Acupan ores formed from dilute (ca. 0.5 wt.% NaCl eq.), C02-bearing meteoric 
fluids (0.41 m C02) at about 200° to 300°C. With fluid concentrations as low as 0.005 to 5 
ppb, McPhail (1995) and Cooke & McPhail 2001) proposed that Te is transported in the 
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vapor phase rather than the aqueous phase and that condensation of Te2(g) and Hz Te(g) into 
precious metal chloride waters is the only mechanism of depositing telluride ores. If the 
Golden Mile is an epizonal deposit as claimed by Clout (1989), there are several 
physicochemical constraints for the Golden Mile that are quite different from those that 
apparently formed the Acupan deposit. For example, based on the fluid inclusion studies of 
Ho (1987), Clout (1989) and Ho et al. (1990), the ore fluids that formed the Golden Mile are 
at least an order of magnitude more saline and carbonic than those that formed the Acupan 
deposit. Given the input parameters used by Cooke & McPhail (2001) for the Acupan 
deposit, their modeling predicted that hessite would precipitate at temperatures > 270°C 
whereas calaverite would precipitate after hessite at < 250°C. This is contrary to what is 
observed in the Golden Mile where mineralogical, paragenetic and fluid inclusion studies 
suggest that calaverite precipitated close to 300°C followed by hessite and gold-silver 
telluride deposition at temperatures close to or <l 70°C. 
The spatial relationship between high-grade telluride zones and lode 
intersections and lode-shear intersections in the Golden Mile may be the result of throttling. 
However, fluid inclusion studies suggest that gold deposition (including the tellurides) 
accompanied effervescence. Whether this implies that tellurides formed by the condensation 
of tellurium-bearing species from the vapor phase remains uncertain. Also uncertain is 
whether tellurides were deposited by cooling or through fluid interactions with the wallrocks. 
However, it should be noted that while pervasive alteration extends for several kilometers at 
the Golden Mile, tellurides are more abundant in inner alteration haloes adjacent to the lodes 
(Bateman et al. 200lb). This suggests that fluid-wall rock interactions may have contributed 
to the deposition of the tellurides. Recent laser-based sulfur isotope studies by Hagemann et 
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al. (1999) of pyrite from Fimiston- and Oroya-style mineralization revealed a distinct 
isotopic zonation at the deposit- and grain-scales. They proposed that this zonation resulted 
from several depositional mechanisms such as phase separation and fluid mixing from 
igneous and sedimentary sources, which were tapped during the protracted hydrothermal 
history of the Golden Mile. 
Sources of Au, Ag, Te and V 
In addition to conflicts concerning the origin of and mechanisms for depositing the 
gold-telluride mineralization in the Golden Mile, arguments have arisen concerning the 
sources of the ore fluids and various ore-bearing components, such as Au, Ag, Te and V. 
Proposed metal sources include the supracrustal greenstones (Groves 1993), felsic magmas 
(e.g. Gustafson & Miller 1937), the Golden Mile gabbro (Tomich 1974, 1976, Golding 
1978), alkaline igneous rocks (Clout 1989) and the Black Flag metasediments (Golding 
1978). Golding (1978) obtained trace element compositions of the Hannans Lake 
Serpentinite, Williamstown peridotite, Devon Consols basalt, Paringa basalt, Golden Mile 
gabbro, Black Flag Beds and interflow sediments in the Kalgoorlie succession, using the 
most weakly altered samples available. She found that none of the lower mafic and 
ultramafic rock units (Hannans Lake Serpentinite, Devon Consols basalt, Paringa basalt, 
Williamstown peridotite, Devon Consols basalt and Golden Mile gabbro) were enriched in 
Au, Ag or Te (Table 10) relative to typical mafic and ultramafic rocks whereas both the 
interflow sediments and Black Flag Beds showed significant enrichment with respect to Au, 
Ag and Te. Thus, Golding (1978) proposed that these elements might have been derived 
from black shales in the Black Flag Beds or from the interflow sediments. 
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Golding (1978) also compared these compositions to background levels of Au from 
rocks in the Canadian Shield (1.8 ppb, Shaw et al. 1976), the average Ag value given by 
Vinogradov (1962) for ultramafic (50 ppb) and mafic (100 ppb) rocks and the average Te 
value for igneous rocks (82 ppb) reported by Beaty & Manuel (1973). Although based on 
only one sample, Golding's (1978) datum showed that the Golden Mile gabbro was the most 
V enriched igneous rock (840 ppb) in the Kalgoorlie Succession. This is supported by Travis 
(1996) who showed that the Golden Mile gabbro contained up to 700 ppm V. Recent studies 
by Bateman et al. (2001a) determined the V content of several mafic and ultramafic rocks in 
the vicinity of the Golden Mile deposit including the Eureka gabbro (234-444 ppb V, x = 
308 ppb V), Aberdare gabbro (335-405 ppb V, x = 368 ppb V), Golden Mile gabbro (38-722 
ppb V, x = 296 ppb V), Black Flags basalt (287-526 ppb V, x = 375 ppb V), Paringa basalt 
(230-441 ppb V, x = 332 V) and the Pevon Consols basalt (382-441 ppb V, x = 270 ppb V). 
There appears to be little difference in V contents among the ultramafic and mafic rocks 
except that the highest V content was obtained from a fine-grained sample of the Golden 
Mile gabbro. 
Although the alkaline igneous rocks (e.g. lamprophyres) mentioned by Clout (1989) 
might have been a source of Au, Te and V, it is unlikely that they were volumetrically 
abundant enough to provide all of the gold in the Golden Mile. Recent genetic models for 
the Golden Mile by Phillips et al. ( 1996) and Bateman et al. (2001 b) emphasize a "protracted 
gold mineralization model" in which there is probably no unique source for the ore-forming 
fluids and no single mechanism for the deposition of the ore. Phillips et al. and Bateman et 
al. point out the period of time over which gold mineralization was deposited (ca. 50 Ma) 
and the complex interplay between a variety of favorable factors (e.g. host-rock 
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compositions, host-rock composition, mechanical properties of certain rocks, structural 
disposition, fluid composition and focussing) as being the main cause for the huge size of the 
Golden Mile. 
Although there appears to be sufficient amounts of Au, Ag, V and Te in the 
Kalgoorlie Succession to account for the amounts of these elements found in the Golden 
Mile, their source(s) remains uncertain. To form a deposit as large as the Golden Mile, the 
fluid flow regime would have been enormous and would likely have interacted with a large 
volume of different rocks, on the path to the site of deposition. 
CONCLUSIONS 
1. Tellurides constitute approximately 20% of the gold deportment in the Golden Mile and 
are a very important source of gold (Bateman et al. 20010. Although twenty tellurium-
bearing minerals have been identified, the most abundant precious metal tellurides are 
calaverite and petzite whereas the most common non-precious metal telluride is 
coloradoite. 
2. The paragenetic sequence of the Golden Mile ores can be divided into three distinct 
hydrothermal stages with the later half of the third stage being divided into at least two 
sub-stages, an early gold-rich telluride-bearing sub-stage followed by a later silver-rich 
telluride-bearing sub-stage. The temperature of telluride ore formation is < 300°C with 
some of the Ag-bearing tellurides forming at < 170°C, based on the upper stability limit 
of petzite-sylvanite and sylvanite-hessite. The upper limit of 300°C is the same as that 
proposed by Phillips et al. (1996) based on fluid inclusion (Ho et al. 1990), stable isotope 
(Golding et al. 1990) and alteration (Phillips 1986) studies. 
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3. Native gold in the Golden Mile is extremely gold-rich with fineness values ranging from 
901 to 972. These values appear to decrease systematically with depth. Despite earlier 
suggestions by Golding (1978) that metallic minerals such as tellurides (montbrayite and 
tellurantimony) and tetrahedrite group minerals may be zoned either laterally or 
vertically, there is no evidence for zoning of these minerals in the Golden Mile. 
4. The approximate stability field for the gold-rich early sub-stage telluride generation is 
logffe2 = -11.4 to -6.8 and logfS2 = -12.6 to -5.5 (300°C) whereas the stability field for 
the later silver-rich sub-stage generation is logfS2 = - 6.8 to -27 .8 and logff e2 = -10.5 to 
-20.8 (170°C). 
5. The source of the ore-forming components (such as Au, Ag, V and Te) and the 
mechanisms oftelluride precipitation remain unclear. However, due to the enormous size 
of the Golden Mile, the complex interplay of physicochemical conditions and the huge 
volume of auriferous fluid required to form the gold mineralization, no single source is 
likely and no single mechanism resulted in gold-telluride deposition. On the contrary, 
tellurides were probably deposited by several mechanisms (phase separation, wall-rock 
interaction, cooling and possibly condensation and fluid mixing). Elements such as Au, 
Ag, V and Te were not necessarily derived from shallow alkaline igneous rocks, similar 
to those associated with epizonal gold telluride deposits, rather these elements were likely 
scavenged from a variety ofmafic and ultramafic rocks in the vicinity of the Golden Mile 
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Figure 1. A geologic map of Western Australia illustrating the location of the Golden Mile 
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Figure 2. A geologic map of the Golden Mile illustrating the location of the "Super Pit" and 
thirteen of the lodes sampled during this study (0 = Oroya lode, BA- Blatchford lode, E = 
Emerald lode, AE =Australia East #3 lode, A2 =Associated #2 lode, T =Tetley lode, LV = 
Lake View/Main lode, F =Furness lode, P =Perseverance lode, B = B lode, N4 =No 4 




































































































































Figure 3. Map of the Golden Mile illustrating sample locations for this study and those of 
Golding (1978). 
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Figure 4. Paragenetic sequence of Fimiston-style ores at the Golden Mile (modified after 
Clout 1989). 
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Figure 5. Reflected light (plane polarized) photomicrographs of precious metal minerals 
(native gold and tellurides) in the Golden Mile deposit. A. Native gold (Au) as an inclusion 
in, and as clingons on, pyrite (Py) (sample 99KG-297). Scale bar= 0.10 mm. B. Native gold 
(Au) and pyrite (Py) in carbonate from the Federal eastern main lode (sample 99KG-168). 
Scale bar= 0.04 mm. C. Tennantite (T) containing inclusions of chalcopyrite (Ch) and 
coloradoite (Co), coexisting with calaverite (C) in a vein of tourmaline from the Lake 
View/Main lode (sample 99KG-364A). Scale bar= 0.04 mm. D. Tennantite (T), calaverite 
(C) and petzite (P) in a vein of tourmaline from the Lake View eastern main lode (sample 
99KG-264A). Scale bar= 0.04 mm. E. A grain of native gold (Au) rimmed by tennantite 
(T) in quartz from Morrison, western caunter lode (sample 99KG-297). Scale bar= 0.10. F. 
Native Au (Au) and altaite (Al) in quartz (sample 99KG-202b, No. 2 western lode). Scale 
bar = 0.10 mm. 
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Figure 6. A plot of As (weight%) versus Au ppm for SIMS analyses of pyrite of different 





























































































































Figure 7. Chemical variation of tetrahedrite group minerals from Fimiston-style ores as a 


































































































































Figure 8. Gold fineness ranges for the Golden Mile and typical Archean gold, plutonic, 















































































































































Figure 9. Reflected light (plane polarized) photomicrographs of precious metal minerals 
(native gold and tellurides) in the Golden Mile deposit. A. Altaite (Al) and calaverite (C) 
intergrown with grains of pyrite in quartz (sample 99KG-202, No 2 western lode). Scale bar 
= 0.10 mm. B. Montbrayite (Mo) coexisting with petzite (P) and altaite (Al) in quartz 
(sample 99KG-202B, No 2 western lode). Scale bar= 0.04 mm. C. Montbrayite (Mo), 
petzite (P) and native gold (Au) in quartz (sample 99KG-202, No 2 western lode). Scale bar 
= 0.04 mm. D. Coloradoite (Co) coexisting with krennerite (K) in quartz (sample 99KG-
264A, Lake View eastern main lode). Scale bar= 0.20 mm. E. Tennantite (T) coexisting 
with native gold (Au), coloradoite (Co) and hessite (H) in carbonate (sample 99KG-301, 
Boulder western main lode). Scale bar = 0.10 mm. F. Melonite (M) intergrown with 
coloradoite (Co) near grains of native gold (Au) in carbonate (sample 99KG-168, Federal 
eastern main lode). Scale bar= 0.04 mm. 
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Figure 10. Ternary plot of the system Au-Ag-Te showing phase relations among precious 
metal tellurides and native elements for the Golden Mile deposit. The early gold-rich 
assemblage (pale gray shading) preceded deposition of the more silver-rich assemblages 





Figure 11. The stabilities of sulfides and tellurides as a function ofJSz and/fez for early 
telluride mineralization at the Golden Mile (shaded region). Equilibria were calculated at 































Figure 12. The stabilities of sulfides and tellurides as a function ofJS2 and/fe2 for late 
telluride mineralization at the Golden Mile (shaded region). Equilibria were calculated at 





















Figure 13. Map of the Golden Mile deposit illustrating the location of tetrahedrite and 
tennantite. 
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Figure 15. Map of the Golden Mile illustrating the location of calaverite, montbrayite and 
krennerite (Golding 1978, this study). 
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Figure 16. Map of the Golden Mile illustrating the locations of petzite and sylvanite 
(Golding 1978, this study). 
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Figure 17. Map of the Golden Mile illustrating the locations ofhessite and stiitzite (Golding 
1978, this study). 
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Figure 18. Map of the Golden Mile showing the locations of altaite, coloradoite and 
tellurantimony (Golding 1978, this study). 
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TABLE 2 FIMISTON-STYLE LODE ALTERATION TYPES (CLOUT 1990) 
Alteration Major Mineralogy Minor Minerals 
Type 
Type 1 ankerite/dolomite (>60%), quartz, sericite, siderite, rutile, ± hematite 
pyrite, +hematite 
Type2 ankerite, quartz, sericite, pyrite, albite, tourmaline, stibnite, 
dolomite, siderite, magnetite, hematite, tetrahedrite, tennantite, 
tellurides, ± aresenopyrite, ± anhydrite realgar, algena, rutile, 
chalcopyrite, sphalerite 
Type3 quartz, pyrite, sericite, ankerite, hematite, celestite, barite 
+anhydrite 
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TABLE 3 REPRESENTATNE ELECTRON MICROPROBE ANALYSES OF 
ARSENOPYRITE AND PYRITE 
Wt.% 1 2 3 4 5 6 7 
s 19.90 46.72 50.91 52.46 52.99 52.02 52.86 
Fe 34.55 45.76 46.48 45.89 45.57 45.70 46.12 
Cu 0.01 0.08 0.08 0.02 0.02 0.00 0.01 
Zn 0.00 0.00 0.00 0.06 0.00 0.00 0.00 
As 44.62 8.97 2.90 0.00 0.57 1.02 0.00 
Se 0.56 0.13 0.81 0.08 0.45 0.00 0.02 
Ag 0.00 0.02 0.02 0.02 0.06 0.02 0.03 
Sb 0.00 0.00 0.01 0.00 0.00 0.00 0.01 
Te 0.00 0.00 0.00 0.00 0.02 0.00 0.00 
Au 0.00 0.00 0.10 0.00 0.23 0.14 0.29 
Hg 0.00 0.06 0.00 0.00 0.00 0.34 0.37 
Pb 0.00 0.03 0.03 0.10 0.20 0.30 0.14 
Bi 0.23 0.19 0.18 0.18 0.09 0.16 0.09 
Total 99.86 101.96 101.52 98.81 100.19 99.70 99.95 
Atompic proportions normalized to 3 atoms. 
s 1.010 1.821 1.927 1.994 1.995 1.980 1.995 
Fe 1.001 1.023 1.010 1.001 0.984 0.998 0.999 
Cu 0.000 0.002 0.002 0.000 0.000 0.000 0.000 
Zn 0.000 0.000 0.000 0.001 0.000 0.000 0.000 
As 0.969 0.149 0.047 0.000 0.009 0.017 0.000 
Se 0.012 0.000 0.012 0.001 0.007 0.000 0.000 
Ag 0.000 0.000 0.000 0.000 0.001 0.000 0.000 
Sb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Te 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Au 0.000 0.000 0.001 0.000 0.001 0.000 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.002 0.002 
Pb 0.002 0.001 0.000 0.001 0.000 0.002 0.001 
Bi 0.002 0.001 0.001 0.001 0.000 0.001 0.000 
1. Arsenopyrite, 99KG-250, Federal, eastern main lode 
2. Pyrite, 99KG-254, No 3, western main lode 
3. Pyrite, 99KG-297, Morrison, western caunter lode 
4. Pyrite, 9KG-44B, B, eastern main lode 
5. Pyrite, 99KG-88C, No 4, western main lode 
6. Pyrite, 99KG-44B, B, eastern main lode 
7. Pyrite, 99KG-251, Federal, eastern main lode 
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TABLE 4 REPRESENTATIVE ELECTRON MICROPROBE ANALYSES OF 
TETRAHEDRITE GROUP MINERALS 
Wt.% I 2 3 4 5 6 7 
Cu 34.20 36.96 41.93 41.37 39.67 4.48 39.72 
Ag 3.96 1.00 0.12 0.17 0.16 0.00 0.01 
Fe 5.18 4.39 7.13 4.39 4.57 2.79 1.77 
Zn 1.75 4.22 0.86 3.81 3.26 5.64 5.96 
Sb 27.98 25.84 0.52 5.21 9.25 14.92 20.65 
As 0.21 1.43 19.55 17.05 14.15 9.30 4.83 
Se 0.00 0.40 0.28 0.67 0.00 0.00 0.71 
Bi 0.05 0.00 0.05 0.11 0.18 0.02 0.16 
Te 0.00 0.05 0.00 0.00 0.00 0.00 0.07 
s 25.34 25.36 28.14 27.94 28.17 26.90 26.73 
Total 98.66 99.65 98.58 100.73 99.41 100.05 100.61 
Atomic proportions normalized to 13 S atoms 
Cu 8.852 9.560 9.771 9.712 9.238 9.871 9.746 
Ag 0.604 0.150 0.016 0.024 0.023 0.000 0.002 
Fe 1.525 1.290 1.892 1.172 1.210 0.773 0.495 
Zn 0.440 1.060 0.195 0.870 0.737 1.337 1.422 
Sb 3.778 3.490 0.064 0.638 1.124 1.898 2.644 
As 0.047 0.310 3.865 3.395 2.795 1.924 1.005 
Se 0.000 0.080 0.053 0.127 0.000 0.000 0.141 
Bi 0.004 0.000 0.003 0.008 0.013 0.001 0.012 
Te 0.000 0.010 0.000 0.000 0.000 0.000 0.009 
s 13.000 13.000 13.000 13.000 13.000 13.000 13.000 
I. 99KG-269, Emerald, eastern cross lode 
2. 99KG-39, B, eastern main lode 
3. 99KG-14, Blatchford, Oroya 
4. 99KG-93A, No 4, western main lode 
5. 99KG-260, No 3, western main lode 
6. 99KG-136, Australia East #3, eastern caunter lode 
7. 99KG-140, Australia East #3, eastern caunter lode 
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TABLE 5 REPRESENTATNE ELCTRON MICROPROBE ANALYSES OF 
NATNEGOLD 
Wt.% 1 2 3 4 5 6 6 
Au 81.91 90.02 93.61 95.11 97.71 95.02 90.45 
Ag 16.82 7.80 7.15 4.62 3.50 5.59 8.33 
Te 0.00 0.00 0.03 0.00 0.00 0.07 0.00 
Zn 0.00 0.03 0.00 0.06 0.03 0.00 0.00 
As 0.09 0.00 0.00 0.00 0.02 0.13 0.00 
Se 0.00 0.00 0.00 0.15 0.24 0.44 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.17 0.18 0.02 0.00 0.00 0.57 
Total 98.81 98.20 100.97 99.96 101.50 101.25 99.36 
Atomic proportions normalized to 1 atom 
Au 0.726 0.861 0.876 0.913 0.932 0.890 0.830 
Ag 0.272 0.531 0.122 0.081 0.061 0.096 0.170 
Te 0.000 0.000 0.000 0.000 0.000 0.001 0.000 
Zn 0.000 0.001 0.000 0.002 0.001 0.000 0.000 
As 0.002 0.531 0.000 0.000 0.000 0.003 0.000 
Se 0.000 0.000 0.000 0.004 0.006 0.010 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.002 0.002 0.000 0.000 0.000 0.000 
1. 99KG-5, Oratava, regional sample 
2. 99KG-202B, No 2, western main lode 
3. 99KG-136, Australia East #3, eastern caunter lode 
4. 99KG-88C, No 4, western main lode 
5. 99KG-297 A, Morrison, western caunter lode 
6. 99KG-88B, No 4, western main lode 
TA,BLE 6 SUMMARY OF THE RELATNE ABUNDANCE OF NATIVE GOLD, 
COMMON TELLURIDES AND NATIVE TELLURIUM IN THE FTh1ISTON-STYLE 
GOLDEN MILE ORES (MODIFIED AFTER STOKES, 1989) 
Mineral Main Lodes Caunter Lodes Cross Lodes 
Native Gold - Au xxx xx x 
Calaverite - AuTe2 xxx xx x 
Montbrayite - (Au,Sb )2 Te3 T 0 0 
K.rennerite -AuTe2 T x 0 
Sylvanite - (Ag,Au)2 Te4 T x 0 
Petzite -Ag3AuTe2 xxx xxxx xxx 
Stuetzite - Ags-x Te3 T T 0 
Hessite -Ag2Te x x T 
Coloradoite - HgTe xxx xx x 
Altaite - PbTe xx xxxx xx 
Tellurantimony - Sb2 Te3 T x 0 
Melonite - NiTe2 x T 0 
Native Tellurium - Te 0 0 T 
XXXX: = abundant, XXX =relatively common, XX common, X =rare, T = trace, 0 = absent 
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TABLE 7 REPRESENTATIVE ELECTRON MICROPROBE ANALYSES 
OF PRECIOUS MET AL TELLURIDES 
Wt.% 1 2 3 4 5 6 
Fe 0.00 0.00 0.00 0.00 0.00 0.06 
Cu 0.00 0.00 0.00 0.00 0.00 0.09 
Zn 0.00 0.00 0.00 0.00 0.04 0.03 
Se 0.00 0.00 0.00 0.00 0.00 0.00 
Ag 0.28 5.19 12.93 40.30 40.31 61.49 
Sb 0.01 0.00 0.00 0.00 0.00 0.00 
Te 57.35 59.63 64.11 32.49 33.64 34.45 
Au 43.11 33.64 23.00 26.19 25.25 0.00 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.00 0.00 0.15 
Total 100.75 98.46 100.05 98.72 99.23 99.27 
Atomic proportion per number of tellurium atoms 
Fe 0.000 0.000 0.000 0.000 0.000 0.003 
Cu 0.000 0.000 0.000 0.000 0.000 0.005 
Zn 0.000 0.000 0.000 0.000 0.004 0.002 
Se 0.000 0.000 0.000 0.000 0.000 0.000 
Ag 0.010 0.206 0.954 2.915 2.834 1.942 
Sb 0.000 0.000 0.000 0.000 0.000 0.000 
Te 2.000 2.000 4.000 2.000 2.000 1.000 
Au 0.970 0.742 0.930 1.044 0.972 0.000 
Pb 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.000 0.000 0.002 
1. Calaverite, 99KG-281, Associated #2, eastern cross lode 
2. Krennerite, 99KG-264B, Lake View, eastern main lode 
3. Sylvanite, 99KG-202A, No 2, western main lode 
4. Petzite, 99KG-203, No 2, western main lode 
5. Petzite, 99KG-44C, B, eastern main lode 
6. Hessite, 99KG-5, Oratava, regional sample 
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TABLE 8 REPRESENTATNE ELECTRON MICROPROBE ANALYSES 
OF NON-PRECIOUS METAL TELLURIDES 
Wt.% 1 2 3 4 5 5 
s 0.00 0.00 0.00 0.00 0.05 0.04 
Fe 0.00 0.00 0.00 0.00 0.06 0.16 
Cu 0.04 0.00 0.02 0.07 0.06 0.00 
Zn 0.00 0.01 0.00 0.00 0.00 0.00 
As 0.00 0.00 0.00 0.00 1.12 1.71 
Ag 0.34 0.39 0.00 0.00 0.06 0.23 
Sb 0.00 0.00 0.00 0.00 37.38 36.76 
Te 39.79 40.24 39.89 39.29 60.79 59.68 
Au 0.09 1.57 0.00 0.00 0.06 0.00 
Hg 59.14 57.37 0.00 0.18 0.00 0.14 
Pb 0.00 0.00 59.59 60.36 0.49 0.60 
Bi 0.00 0.00 0.00 0.04 0.07 0.08 
Total 99.39 99.57 99.50 99.95 100.13 99.39 
Atomic proportion per number of tellurium atoms 
s 0.000 0.000 0.000 0.000 0.010 0.007 
Fe 0.000 0.000 0.000 0.000 0.007 0.019 
Cu 0.002 0.000 0.001 0.004 0.006 0.000 
Zn 0.000 0.000 0.000 0.000 0.000 0.000 
As 0.000 0.000 0.000 0.000 0.094 0.146 
Ag 0.010 0.011 0.000 0.000 0.004 0.014 
Sb 0.000 0.000 0.000 0.000 1.933 1.937 
Te 1.000 1.000 1.000 1.000 3.000 3.000 
Au 0.001 0.025 0.000 0.000 0.002 0.000 
Hg 0.940 0.907 0.000 0.003 0.000 0.004 
Pb 0.000 0.000 0.920 0.946 0.015 0.019 
Bi 0.000 0.000 0.000 0.005 0.002 0.002 
1. Coloradoite, 99KG-264A, Lake View eastern main lode 
2. Coloradoite, 99KG-330, Furness eastern main lode 
3. Altaite, 99KG-202A, No 2 Western Lode· 
4. Altaite, 99KG-44B, B eastern main lode 
5. Tellurantimony, 99KG-44A, B eastern main lode 
TABLE 9 TELLURIDE ASSEMBLAGES DOCUMENTED AT THE GOLDEN MILE 
alt-clv 3'7'8 cld-mln 8 mln-ptz 3'4 clv-gld-ptz 4'8 
alt-cld 3•7•8 cld-ngy 3 · mnt-syl 4 cld-gld-mln 8 
alt-gld 3•8 cld-ptz 1,3,4,5,7,8 mnt-ptz 5•7 clv-gld-mnt 5 
alt-hss l.2,5•8 cld-syl 1•3 ngy-ptz 3 cld-gld-ngy3 
alt-min 3 cld-tln 4 ptz-syl 1'3'4 cld-gld-ptz 3•8 
alt-mnt 5'7'8 cld-ttd 3 ptz-tln 5•7•8 cld-gld-ttd 3 
alt-ptz 1,7,8 cld-wst 2 ptz-ttd 3 cld-gld-wst 2 
alt-syl 1 frb-mtg 5 stz-tln 5 cld-hss-syl 3 
clv-cld 1,3,5,7,8 frb-ptz 5 syl-tln 3 cld-km-ngy 1'3 
clv-gld 1,3,7,8 gld-hss 2 syl-wst 1 cld-k:m-ptz 5 
cvl-km 1•3•4 gld-mtg 5 alt-clv-cld 3 cld-ptz-syl 4'8 
clv-mnt 4'7 gld-mln 6•7 alt-clv-ptz 3 cld-ptz-ttd 3 
clv-ngy 3 gld-mnt 5 alt-clv-syl 8 frb-gld-mtg 5 
clv-ptz 3,4,5,8 gld-ptz 3•7•8 alt-cld-hss 2 gld-mtg-mnt 5 
clv-syl 1'3 gld-tln 5'6'8 alt-cld-ptz 3 gld-mnt-ptz 8 
clv-mln 1'3'4 gld-wst 1•3 alt-gld-hss 1 gld-mnt-tln 5 
clv-tln 7 hss-mln 1 alt-gld-tln 8 hss-ptz-syl 3 
clv-ttd 3 hss-ptz 1'4'8 alt-mnt-ptz 4'5'8 alt-cld-gld-ptz 3 
clv-mtg 5 hss-syl 1'2.3.4 alt-ptz-syl 3 alt-cld-gld-syl 1 
cld-hss 2•3 km-min 1'4 clv-cld-km 3 alt-hss-ptz-syl 3 
cld-gld 3•5•8 km-stz 5 clv-cld-gld 3'8 cld-k:m-ngy-ptz 3 
cld-km 2,3,8 mln-mnt 4 clv-cld-ptz l.3 hss-ptz-syl-ttd 3 
altaite (alt), calaverite (clv), coloradoite (cld), frohbergite (frb), gold (gold), hessite (hss), 
krennerite (km), mattagamite (mtg), melonite (min), montbrayite (mnt), nagyagite (ngy), 
petzite (ptz), stiitzite (stz), sylvanite (syl), native tellurium (tlm), tellurantimony (tin), 
tetradymite (ttd), weissite (wst) 
93 
Stillwe111 (1931), Baker2 (1958), Markham3 (1960), Travis4 (1966), Golding5 (1978), Nicke16 
(1977), Stokes7 (1983), this study8 
TABLE 10 TRACE ELEMENT GEOCHEMICAL DATA FROM ROCK UNITS IN THE 
KALGOORLIE SUCCESSION (GOLDIN 1978) 
Rock Unit Auppb Agppb Teppb Vppb 
Hannans Lake Serpentinite 0.48-3.00 45 15 120 
* Less altered 
*More altered 16 - 87 12 220 120 
Williamstown Dolerite 1.7 - 7.7 - - 180- 200 
Devon Consols Basalt 1.4- 0.68 - - 270 
Paringa Basalt 0.71 -1.4 35 -40 33 -41 250- 490 
Golden Mile Dolerite 0.15 - 1.5 10 - 115 3 - 50 840 
Interflow Sediments 16 - 420 340 - 1200 380-4100 40- 100 
* In Paringa Basalt 
* Between Paringa Basalt 25 360 260 40 
and Golden Mile Dolerite 
* Kapai Slate 39 2900 2000 <50 
Black Flag Beds 2.7 - 14 14- 520 55 - 830 <40-470 
* Sediments other than 
pyritic balck shales 
* Black pyritic shales 12 -49 150- 2900 240- 3600 40-200 
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CHAPTER 3. ANTIMONY-RICH MONTBRAYITE ((Au,Sb)2Te3) 
FROM THE GOLDEN MILE, WESTERN AUSTRALIA, AND ITS 
COMPOSITIONAL IMPLICATIONS 
A paper accepted for publication by the in Neues Jahrbuch fiir Mineralogie, Monatshefte 
Jill M. Shackleton and Paul G. Spry 
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Abstract: Montbrayite ((Au,Sb)2Te3), with up to 7.46 wt.% Sb, occurs in samples from the 
Golden Mile, Western Australia, and is the most Sb-rich montbrayite yet reported. Published 
compositional data of montbrayite combined with new data from the Golden Mile suggests 
that Sb and Bi substitute in both the Te and Au sites. For montbrayite from other localities, 
Ag likely substitutes into the Au site but it is not lmown in which site Pb substitutes. 
Bismuth, Ag and Pb appear to stabilize montbrayite in much the same manner as does Sb. 
The presence of Ag in the Au site in addition to the complex substitution of Bi and Sb 
suggests a modification of the formula ofmontbrayite to (Au,Ag,Sb)2(Te,Sb,Bi)3 or, more 
likely, (Au,Ag,Sb,Bi)2(Te,Sb,Bi)3. 
Key words: montbrayite, formula, Golden Mile, Western Australia 
Introduction 
Montbrayite is a rare, triclinic, gold-antimony telluride that was first described by 
PEACOCK & THOMPSON (1946) from the Robb-Montbray mine, Quebec, Canada. Since 
this study, montbrayite has been documented in the Golden Mile, Western Australia 
(TRAVIS 1966, GOLDING 1978, SHACKLETON et al. 2000), Enasen, central Sweden 
(NYSTEN & ANNERSTEN 1984), Changjin, China (CAI 1993) and Voronezhsky Massif, 
Russia (GENKIN et al. 1999). RUCKLIDGE (1968), BACHECHI (1971, 1972) and 
CRIDDLE et al. (1991) extended the findings of PEACOCK & THOMPSON (1946) by 
obtaining additional compositional data for montbrayite from the type locality Robb-
Montbray and by determining its structure. 
PEACOCK & THOMPSON (1946) proposed that the formula for montbrayite is 
Au2Te3. However, experimental studies carried out by PEACOCK & THOMPSON (1946), 
MARKHAM (1960) and CABRI (1965) were unable to synthesize pure Au2Te3 because 
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Au2 Te3 was metastable at the expense of calaverite (AuTe2) and native gold. PEACOCK & 
THOMPSON (1946) reported that natural montbrayite from the Robb- Montbray mine 
contained 2.81 wt.% Bi, 1.61 wt.% Sb, 0.55 wt.% Ag and 1.61 wt.% Pb; however, they 
noted that eutectoid inclusions of tellurobismuthite, altaite and possibly petzite were included 
in their sample. It was RUCKLIDGE (1968) who first suggested that to·stabilize 
montbrayite it must contain "essential amounts of Bi and Pb." BACHECHI (1971) 
determined the crystal structure ofmontbrayite using a sample from the Robb-Montbray 
mine, but based the structure on an ideal formula of Au2 Te3. Subsequently, BACHECHI 
(1972) proposed that the stability ofmontbrayite is controlled by the presence of impurities 
of Sb, Bi and Pb in the structure. Her stability study of montbrayite involving separate 
experiments with Sb, Bi and Pb suggested that only "Sb can stabilize the compound itself." 
Information concerning the site in which Bi can substitute and the stability of montbrayite 
was provided by GENKIN et al. (1999) when they reported an Sb-free, Bi-bearing 
montbrayite from the Voronezhsky Massif, Russia. This composition implies that trace 
elements other than Sb can stabilize montbrayite. In light of the uncertainty surrounding the 
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sites in which impurities can substitute and which impurities stabilize montbrayite, the 
present study evaluates the compositional relations of montbrayite by considering new 
compositional data of antimony-rich samples from the Golden Mile, Western Australia, and 
by evaluating the composition of montbrayite reported previously in the literature. 
Methods 
Samples ofmontbrayite from the Golden Mile were analyzed by an ARL-SEMQ electron 
microprobe at Iowa Sate University. Operating conditions included an operating voltage of 
20 kV, a beam current of 10 nA and a beam diameter of approximately 1 to 2 µm. Standards 
used for the electron microprobe were pure metals (Au, Ag and Te), AgBiS2 and BhS3 (Bi), 
Sb2S3 (Sb) and PbS (Pb). The data were corrected using the ZAF and cj>(pZ) methods by the 
Probe for Windows software and reduced utilizing the PRSUPR procedure of DO NOV AN et 
al. (1992)~ The estimated error of uncertainty for each element is< 0.2 wt.%. 
Occurrence 
The Archean Golden Mile is one of the largest orogenic gold deposits in the world {>1,457 
tonnes of gold) and is located in the Norseman-Wiluna Belt in the Yilgam Craton, Western 
Australia. Gold mineralization at the Golden Mile is hosted in Archean dolerites and basalts 
that have been metamorphosed to greenschist facies (BOULTER et al. 1987). The ore occurs 
in hundreds of shear zones as auriferous and telluride-bearing lodes. Gold mineralizatic~n in 
and around the Golden Mile is characterized by three distinct styles: Fimiston, Oroya and 
Mount Charlotte. Fimiston-style mineralization accounts for 70% of gold production within 
the Golden Mile and consists of auriferous and telluride-bearing shear zones (CLOUT et al. 
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1990). Oroya-style ore contrasts with Fimiston-style ore in that Oroya-style ore is located in 
late-stage tension gashes and veinlets that cut across shear zone fabrics. Mount Charlotte-
style ore post-dates Fimiston-style ore and is dominated by quartz-stockwork telluride-poor 
gold ore from the Mt. Charlotte deposit. 
Most of the gold in the Golden Mile occurs as inclusions of native gold in pyrite, 
carbonates, various silicates including quartz, and as intergrowths with and as inclusions in 
various sulfides, sulfosalts and precious metal tellurides (GOLDING 1978). However, 15-
20% of gold also occurs in the form oftellurides (TRAVIS 1960): calaverite (AuTe2), 
sylvanite ((Ag,Au)2Te4), krennerite ((Au,Ag)Te2), petzite (A~AuTe2) and montbrayite. 
Twenty tellurium-bearing minerals have been identified in ores from the Golden Mile 
{STILLWELL 1931, MARKHAM 1960, TRAVIS 1966, GOLDING 1978, STOKES 1989, 
SHACKLETON et al. 2000): calaverite, krennerite, sylvanite, montbrayite, petzite, 
coloradoite (HgTe), hessite (AgiTe), stuetzite (Ags-xTe3), altaite (PbTe), melonite {NiTe), 
mattagamite (CoTe), frohbergite {FeTe2), tetradymite (BhTe2S), tellurantimony (Sb2Te3), 
rickardite (Cll4Te3), nagyagite (Au{Pb,Sb,Fe)s(S,Te)11), weissite (Cu2-xTe), one poorly 
identified gold-arsenic telluride with an approximate formula of Au3As3Te2, an unnamed 
nickel telluride (Nii Te3) and native tellurium. 
Mineralogical associations and optical properties of montbrayite 
In the present study, grains ofmontbrayite (up to 0.18 mm in length) coexist with altaite and 
petzite as well as with native gold and petzite (Figs. 1 and 2) from the No. 2, Western lode 
(Fimiston-style mineralization) in the Golden Mile, and as inclusions in pyrite in the Oroya 
lode. Previous studies of montbrayite from the Golden Mile showed that it is also intergrown 
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with chalcopyrite, sphalerite, altaite and pyrite from the Doolette lode (New North Boulder 
mine) (TRAVIS 1966), native gold, tellurantimony and altaite in Kalgoorlie Enterprise 
mineralization near the Golden Pike mine (GOLDING 1966), mattagamite, calaverite, native 
gold and pyrrhotite and with calaverite and native gold from the Doolette lode {TRAVIS 
1966, GOLDING 1978). PEACOCK & THOMPSON (1946) reported montbrayite in 
contact with native gold and melonite from the Robb-Montbray mine. They also noted that 
montbrayite contained inclusions of tellurobismuthite, altaite and petzite. Further studies of 
montbrayite from the Robb-Montbray mine by RUCKLIDGE (1968) noted that it also 
coexists with calaverite. NYSTEN & ANNERSTEN (1984) reported that montbrayite from 
the Enasen deposit is found as inclusions within arsenopyrite and is intergrown with 
frohbergite {FeTe2). 
There seems to be some discrepancy concerning the optical properties ofmontbrayite. 
In the current study of Golden Mile samples, montbrayite is distinctly pink in color, non-
pleochroic and moderately to strongly anisotropic. This is fairly consistent with the 
observations of TRAVIS (1966) where he noted that montbrayite from the Golden Mile was 
a cream-pink color, weakly pleochroic and weakly to moderately anisotropic. Samples of 
montbrayite from the Robb-Montbray mine are creamy-white to yellowish-white in color, 
rarely pleochroic and are weakly to moderately anisotropic (PEACOCK & THOMSPON 
1946, CRIDDLE & STANLEY 1991). In contrast, NYSTEN & ANNERSTEN (1984) 
reported that montbrayite from the Enasen deposit has a distinct pleochroism ranging from 
pinkish to creamy white and is strongly anisotropic. The optical differences for montbrayite 
are likely due to variations in the amount of impurities, such as Sb, Bi, Pb and Ag. 
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Chemical compositions 
Electron microprobe analysis ofmontbrayite from the Golden Mile, Western Australia, as 
well as other published data from the Robb-Montbray, Enasen and Voronezhsky Massif 
occurrences are given in Table 1. Two samples ofmontbrayite analyzed here from the 
Golden Mile contain between 6.02 and 7.46 wt.% Sb and are the most Sb-rich montbrayites 
yet reported (Table 1). In addition, they contain up to 0.08 wt.% Bi and up to 0.35 wt.% Pb. 
GOLDING (1978) also documented Sb-rich samples from the Golden Mile that contained 
between 4.60 to 5.00 wt.% Sb and up to 0.10 wt.% Ag. It should also be noted that 
TRAVIS (1966) reported a grain ofmontbrayite from the Golden Mile that contained 50.6 
wt.% Au and 49.4 wt.% Te, which corresponds to stoichiometric Au2Te3. TRAVIS (1966, 
p. 65) noted that "no other element was detectable under the analytical conditions employed." 
However, TRAVIS did not include details of the analytical conditions used for electron probe 
microanalysis, standards used and trace elements sought (except for Ag). Similarly, a sample 
lacking trace impurities with a composition of54.18 wt.% Au and 45.82 wt.% Te was also 
documented from the Dongping gold deposit in China (CAI 1993). However, this 
composition yields a formula of Au2.3Te3.o, which appears to deviate markedly from the ideal 
formula of Au2 Te3_ This deviation is likely the result of an incomplete compositional analysis 
since it is unclear whether the authors analyzed for Sb, Bi and Pb. The composition of 
montbrayite from Enasen is the most similar to those from the Golden Mile because the 
sample contains between 3. 73 and 5.63 wt. % Sb. However, the quality of the data from the 
Enasen deposit is questionable since two of the four data presented by NYSTEN & 
ANNET~TEN (1984; Table 3) yielded unreasonably high wt. % totals of 102. 75 and 104.13. 
Note also that the sample of montbrayite analyzed by PEACOCK AND THOMPSON (1946) 
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from the Robb-Montbray mine must also be treated with caution because it contained trace 
inclusions oftellurobismuthite, altaite and petzite, and was derived from a bulk analysis. 
Montbrayite from Voronezhsky Massif and Robb-Montbray contains less Sb (0.0 to 3.23 wt. 
%) and greater Bi (3.43 to 3.58 wt. % Bi) than that from the Golden Mile. The compositions 
of montbrayite obtained here and from the literature (excluding the two from the Enasen 
deposit (wt.% totals of 102.75 and 104.13) and that from the Dongping deposit) are given in 
Table 1 and plotted on ternary diagrams in terms of Au, Sb and Te (Fig. 3) and Au, Bi and Te 
(Fig. 4). 
Discussion 
Apart from the native elements, Au, Te and Sb, the only other minerals that have been 
identified in the system Au-Sb-Te are calaverite (AuTe2), aurostibite (AuSb2), tellurantimony 
(Sb2 Te3) and montbrayite. An unnamed mineral with a composition of AuSbTe was 
identified by NYSTEN & ANNERSTEN (1984) but no structural analysis was obtained for 
this mineral (Fig. 3). If the recognized formula for montbrayite of (Au, Sb )2 Te3 is correct, 
then as Sb is substituted into the Au site, compositions of montbrayite should fall along the 
Au2Te3-Sb2Te3join in Figure 3. Alternatively, if Sb substitutes for Te rather than Au, the 
data should fall along the Au2 Te3-Au2Sb3join. When plotted in terms of Au, Sb and Te, Sb-
rich samples from the Golden Mile for this study fall in an area between the Au2 Te3-Sb2 Te3 
and Au2 Te3-Au2Sb3joins, although they lie slightly closer to the Au2 Te3-Au2Sb3join. This 
suggests that Sb is substituting for both Au and Te in these samples with slightly more 
substitution occurring in the Te site. A sample analyzed by BACHECHI (1972) from Robb-
Montbray that contains 3.23 wt.% Sb falls on the Au2Te3-Sb2Te3join suggesting that Sb is 
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substituting for Au, exclusively (Table 1). However, one grain ofmontbrayite from Enasen 
falls along the Au2 Te3-Sb2 Te3join whereas another one falls near the Au2 Te3-Au2Sb3 join, 
supporting the concept that Sb can substitute in both the Au and Te sites, notwithstanding the 
questionable compositional analyses for this location. This conclusion is maintained even 
talcing into account the compositional ranges of S 0.3 wt. % for Au, Sb, Te and Bi in 
montbrayite obtained on the sample analyzed by CRIDDLE et al. (1991) and standard 
deviations of S 0.19 wt. % for Au, Ag, Pb, Sb, Bi and Te obtained on the sample collected by 
Bachechi (1972). Standard deviations ofS 0.88 wt.% Au, S0.30 wt.% Sb and S0.84 wt.% 
Te for the two Kalgoorlie samples analyzed here exceed the error of analyses ( < 0.2 wt. % ) 
obtained with the electron microprobe at Iowa State University and suggest compositional 
variations in montbrayite grains from Kalgoorlie. The range of compositions obtained by 
GOLDING (1978) from the Golden Mile supports this conclusion. The estimated 
uncertainties in montbrayite compositions from all locations, with the possible exception of 
those from the Enasen deposit, are less than the size of the symbols shown in Figures 3 and 4. 
If Bi substitutes exclusively for Te in montbrayite then the compositional data will 
fall along the Au2 Te3-Au2Bh join in the Au-Bi-Te ternary diagram (Fig. 4). However, if Bi 
substitutes exclusively for Au, as is the case for Sb-free, Bi-bearing montbrayite from 
Voronezhsky Massif, then the data will be located on the Au2Te3-BhTe3 join. When plotted 
on the Au-Bi-Te ternary diagram (Fig. 4), Bi-rich samples from the Robb-Montbray deposit 
scatter between the Au2 Te3-Bh Te3 and Au2 Te3-Au2Bh joins, implying that Bi substituted into 
both the Au and Te sites. These data suggest that, like Sb, Bi substitutes into both the Au and 
Te sites. However, it should be noted that while concentrations of Bi in montbrayite from 
Robb-Montbray, Enasen, and Voronezhsky Massif range from 1.12 to 4.00 wt.% Bi and 
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exceed the estimated maximum error of concentrations of 0.3 wt. % from each location, 
those from the Golden Mile are< 0.3 wt. % Bi (0.0 to 0.08 wt. % Bi; n = 12; Table 1) and 
cannot be included in an evaluation of the site location of Bi in montbrayite. The data from 
Kalgoorlie scatter around Au2 Te3 or lie outside of the triangular area marked by the Au2 Te3-
Bh Te3 and Au2 Te3-Au2Bh joins (Fig. 4). 
It should be noted here that as a result of the complex substitutions proposed for Sb 
and Bi there is no unique formula for most analyses since an arbitrary choice must be made 
regarding the assignment of Sb and Bi to either the Au or Te site. For example, one could 
choose to fill the Te site first (assuming there is< 3.0 atoms of Te for a given analysis) with 
either Sb or Bi. Once the "Te site" is filled with either Bi or Sb, the remainder would go in 
the Au site. Alternatively, one could fill the Au site (assuming< 2 atoms per unit formula) 
with either Sb or Bi first and put the remainder in the Te site. The resultant effect is that 
there could be at least four different compositions for montbrayite depending on which 
element (Sb or Bi) is chosen first to fill either the Au or Te site. Because of these four 
possible alternatives no formulas have been given in Table 1. 
The main conclusion from the present study is that montbrayite generally contains Sb 
or Bi or both in sufficient quantities to suggest that Sb and Bi are capable of substituting into 
both the Au and Te sites. For the gold-silver tellurides, krennerite and sylvanite, Ag 
substitutes and it is likely that Ag in montbrayite also substitutes for Au rather than Te. 
However, there is less certainty regarding the site location for Bi due to low concentrations. 
This conclusion suggests that the formula for montbrayite of (Au,Sb )2 Te3 may be 
inappropriate and that the formula (Au,Ag,Sb )2(Te,Sb,Bi)3 or, more likely, 
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Fig. 1. Reflected light, plane-polarized image of montbrayite (Mo), petzite (P), and altaite 
(Al) in quartz in sample 99KG-202B, No 2 Western lode, Golden Mile. Scale bar= 0.04 mm. 
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Fig. 2. Back-scattered image and Au, Sb, and Te elemental map showing montbrayite (Mo) 
in contact with petzite (P) and native gold in quartz in sample 99KG-202B, No 2 Western 
lode, Golden Mile. Scale bar= 0.04 mm. 
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Fig. 3. Ternary plot of montbrayite compositions from the Golden Mile and the literature in 
terms of Au-Sb-Te. The triangular shaped shaded area has been enlarged. The cross in the 
right hand ternary plot represents the composition of the unnamed Au-Sb-Te phase identified 
by NYSTEN & ANNERSTEN (1984). The error of analysis for each location is less than the 
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Fig. 4. Ternary plot ofmontbrayite compositions from the Golden Mile and the literature in 
terms of Au-Bi-Te. The triangular shaped shaded area has been enlarged. The error of 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CHAPTER FOUR. GENERAL SUMMARY 
Tellurides constitute approximately 20% of the gold deportment in the Golden Mile 
(Bateman et al. 2001) and are a very important source of gold. Twenty tellurium-bearing 
minerals have been identified although many are rare. The most abundant precious metal 
tellurides are calaverite and petzite whereas the most common non-precious metal telluride is 
coloradoite. 
One of the tellurides found at the Golden Mile is the rare gold-telluride montbrayite. 
Montbrayite requires substitution of trace amounts of impurities in order to be stabile the 
mineral. Generally, it contains Sb or Bi or both in sufficient quantities to suggest that Sb and 
Bi are capable of substituting into both the Au and Te sites suggesting that the currently 
favored formula for montbrayite of (Au, Sb )2 Te3 may be inappropriate and that the formula 
(Au,Ag,Sb )z(Te,Sb,Bi)3 or, more likely, (Au,Ag,Sb,Bi)2(Te,Sb,Bi)3 better reflects the 
composition of montbrayite found in natural settings. 
The paragenetic sequence of the Golden Mile ores can be divided into three distinct 
hydrothermal stages. Telluride mineralization occurs during the later half of stage 3 and can 
be divided into at least two sub-stages, an early gold-rich telluride-bearing sub-stage 
dominated by the assemblage calaverite-gold followed by a later silver-rich telluride-bearing 
sub-stage dominated by assemblages containing hessite (hessite-sylvanite-petzite, hessite-
sylvanite, hessite-petzite and hessite-gold). Telluride ore formation occurred over a 
temperature range of< 300°C to <l 70°C. The upper limit of 300°C is the same as that 
proposed by Phillips et al. (1996) based on fluid inclusion (Ho et al. 1990), stable isotope 
(Golding et al. 1990) and alteration assemblage (Phillips 1986) studies whereas the Ag-
bearing tellurides formed at <170°C, based on the upper stability limit ofpetzite-sylvanite 
and sylvanite-hessite 
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Native gold in the Golden Mile is extremely gold-rich with fineness values ranging 
from 901 to 972. These values appear to decrease systematically with depth. Despite earlier 
suggestions by Golding (1978) that metallic minerals such as tellurides (montbrayite and 
tellurantimony) and tetrahedrite group minerals may be zoned either laterally or vertically, 
there is no evidence for zoning of these minerals or any telluride in the Golden Mile. 
The approximate stability field for the gold-rich early sub-stage Fimiston ores is 
logffe2 = -11.4 to -6.8 and logtS2 = -12.6 to -5.5 (300°C) whereas the stability field for the 
later silver-rich sub-stage ores is logtS2 = - 6.8 to -27.8 and logffe2 = -10.5 to -20.8 (l 70°C). 
The source of the ore-forming components, such as Au, Ag, V and Te, and the 
mechanisms oftelluride precipitation remain unclear. However, due to the enormous size of 
the Golden Mile, the complex interplay of physicochemical conditions and the huge volume 
of auriferous fluid required to form the gold mineralization, no single source is likely and no 
single mechanism resulted in gold-telluride deposition. On the contrary, tellurides were 
probably deposited by several mechanisms (phase separation, wall-rock interaction, cooling, 
and possibly condensation and fluid mixing). Elements such as Au, Ag, V and Te did not 
necessarily have to be derived from shallow alkaline igneous rocks, similar to those 
associated with epizonal gold telluride deposits. These elements were likely scavenged from 
a variety of mafic and ultramafic rocks in the vicinity of the Golden Mile as ore fluids 
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APPENDIX A. SAMPLE LOCATIONS 
Sample Lode DDH Meter Grade (git) Easting Northing mBl 
99KG-1 Oratava OTGD016 166.00 7.60 19848.1 51249.2 -190.5 
99KG-2 Oratava OTGD016 165.70 7.60 19848.1 51249.2 -190.5 
99KG-3 Oratava OTGD016 165.50 7.60 19848.1 51249.2 -190.5 
99KG-4 Oratava OTGD016 167.00 7.60 19848.9 51248.7 -192.2 
99KG-5 Oratava CK00016 75.00 15.20 19998.3 51477.6 -116.2 
99KG-6 Oratava CK00016 75.30 ? 19998.3 51477.6 -116.4 
99KG-7 Oratava CK00016 158.40 7.10 20010.5 51480.0 -198.5 
99KG-8 Oratava CK00016 158.70 ? 20010.5 51480.0 -198.7 
99KG-9 Mt. Ferrum KAD0002 102.70 7.56 20357.7 51649.6 -117.5 
99KG-10 Mt. Ferrum MTGDOOl 639.50 6.33 20356.8 51588.5 -585.6 
99KG-11 Mt. Ferrum KADOOOl 642.80 5.34 20248.3 51409.1 -642.6 
99KG-12 Mt. Ferrum KADOOOl 643.00 5.34 20248.3 51409.1 -642.6 
99KG-13 Blatchford PRD0097 244.20 8.34 19676.5 49197.0 -248.9 
99KG-14 Blatchford PRD0097 244.70 8.34 19677.3 49197.1 -249.7 
99KG-15 Blatchford PRD0097 245.80 4.36 19677.6 49197.1 -250.0 
99KG-16 Blatchford PRD0097 246.80 0.32 19678.2 49197.2 -250.8 
99KG-17 Tetley GTD0046 17.90 3.55 19488.2 48110.8 -184.3 
99KG-18 Tetley GTD0046 24.70 147.50 19492.7 48111.0 -189.4 
99KG-19 Tetley GTD0046 25.00 147.50 19492.7 48111.0 -189.4 
99KG-20 Tetley GTD0046 25.20 8.05 19492.9 48111.0 -189.6 
99KG-21 Tetley GTD0046 10.80 6.95 19483.5 48110.6 -178.8 
99KG-22 Tetley GTD0046 12.90 5.55 19484.3 48110.6 -179.7 
99KG-23 Tetley GTD0046 30.20 14.00 19496.6 48111.2 -193.9 
99KG-24 Tetley GTD0046 29.50 14.00 19495.5 48111.2 -192.7 
99KG-25 Tetley BM06018 24.80 7.90 19491.5 48090.3 -620.4 
99KG-26 Tetley BM06018 21.80 10.90 19494.6 48089.7 -619.3 
99KG-27 Tetley BM06018 21.30 10.90 19494.6 48089.7 -619.3 
99KG-28 Oro ya BM05389 19.00 145.00 19637.6 48212.3 -402.8 
99KG-29 Oro ya BM05389 18.20 145.00 19638.6 48212.2 -402.5 
99KG-30 Oro ya BM05389 43.50 0.62 19614.2 48212.7 -408.3 
99KG-31 Oro ya BM05389 37.80 164.00 19619.1 48212.6 -407.2 
99KG-32 Oro ya BM05389 41.30 0.25 19616.2 48212.7 -407.8 
99KG-33 Oro ya BM05389 43.70 0.62 19613.3 48212.8 -408.5 
99KG-34 Oro ya BM05389 40.20 0.31 19617.2 48212.7 -407.6 
99KG-35 Oro ya BM05517 9.85 1.60 19683.2 48469.1 -344.6 
99KG-36 Oro ya BM05517 9.70 1.60 19683.2 48469.1 -344.6 
99KG-37 Oro ya BM05389 41.40 0.25 19616.2 48212.7 -407.9 
99KG-38 Oro ya BM05389 44.00 6.38 19613.3 48212.8 -408.5 
99KG-39 BLode SKUD086 46.60 3.65 19409.5 48652.1 -664.9 
99KG-40 BLode SKUD086 47.10 3.46 19409.5 48652.1 -664.9 
99KG-41 BLode SKUD086 48.00 12.10 19408.5 48652.1 -665.1 
99KG-42 BLode SKUD086 50.80 30.60 19405.6 48652.3 -665.6 
99KG-43 BLode SKUD086 52.50 10.00 19403.6 48652.3 -665.9 
99KG-44 BLode SKUD091 34.00 77.90 19429.9 48675.4 -667.2 
99KG-45 BLode SKUD091 33.90 77.90 19430.8 48675.3 -666.9 
99KG-46 BLode SKUD091 38.30 91.00 19426.3 48675.7 -668.3 
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Sample Lode DDH Meter Grade (git) Easting Northing mBl 
99KG-47 BLode SKUD091 38.50 91.00 19425.9 48675.7 -668.4 
99KG-48 BLode SKUD135 54.50 35.00 19473.2 48883.4 -619.2 
99KG-49 BLode SKUD135 55.30 10.70 19472.5 48883.2 -618.6 
99KG-50 BLode SKUD135 48.10 1.84 19477.8 48884.0 -623.1 
99KG-51 BLode SKUD135 52.00 5.69 19474.7 48883.6 -620.5 
99KG-52 BLode SKUD107 48.10 3.47 19416.7 48750.7 -619.7 
99KG-53 BLode SKUD107 48.30 3.47 19416.7 48750.7 -619.7 
99KG-54 BLode SKUD107 52.90 0.68 19413.1 48750.7 -616.3 
99KG-55 BLode SKUD090 35.00 20.40 19434.8 48677.1 -678.1 
99KG-56 BLode SKUD090 33.40 20.10 19436.4 48676.9 -677.0 
99KG-57 BLode SKUD090 33.60 20.10 19435.6 48677.0 -677.6 
99KG-58 BLode NKUD003 60.00 86.40 19421.9 49029.3 -621.4 
99KG-59 BLode NKUD003 60.20 2.18 19421.9 49029.5 -621.4 
99KG-60 BLode NKUD003 62.40 3.06 19420.3 49029.4 -620.3 
99KG-61 BLode NKUD003 63.40 0.23 19419.5 49029.4 -619.7 
99KG-62 4 Lens Pipe Pit NIA ? 19635.0 48135.0 -135.0 
99KG-63 BLode NKUD002 75.00 6.46 19396.5 49028.9 -660.5 
99KG-64 BLode NKUD002 62.00 18.00 19410.4 49029.1 -660.2 
99KG-65 BLode NKUD002 62.60 18.00 19408.5 49029.0 -660.2 
99KG-66 BLode NKUD002 61.60 28.40 19409.4 49029.0 -660.2 
99KG-67 BLode NKUD015 201.80 1.09 19389.9 49207.5 -735.8 
99KG-68 BLode NKUD015 205.20 7.30 19387.2 49207.6 -737.0 
99KG-69 BLode NKUD015 206.40 1.17 19387.2 49207.6 -737.0 
99KG-70 BLode NKUD015 205.00 7.30 19387.2 49207.6 -737.0 
99KG-71 BLode NKUD006 97.00 13.40 19388.0 49091.9 -706.6 
99KG-72 BLode NKUD006 97.60 13.40 19387.6 49091.9 -706.8 
99KG-73 BLode NKUD006 97.80 13.40 19387.2 49091.9 -706.1 
99KG-74 BLode SKUD118 74.80 8.91 19404.6 48900.0 -689.3 
99KG-75 BLode SKUD118 76.60 0.23 19402.8 48899.7 -690.1 
99KG-76 BLode SKUD118 88.00 2.99 19392.9 48898.6 -694.8 
99KG-77 BLode SKUD118 88.50 4.02 19392.0 48898.5 -695.2 
99KG-78 BLode SKUD125 130.00 4.63 19397.3 48818.8 -724.9 
99KG-79 BLode SKUD125 131.50 2.53 19396.4 48818.7 -725.4 
99KG-80 BLode SKUD125 135.80 4.05 19392.1 48818.4 -727.9 
99KG-81 BLode SKUD125 140.20 3.26 19388.6 48818.2 -729.9 
99KG-82 BLode SKUD125 134.20 2.59 19393.8 48818.5 -726.9 
99KG-83 BLode SKUDlOO 8.00 4.90 19433.5 48729.2 -656.7 
99KG-84 BLode SKUDlOO 8.60 4.90 19432.5 48729.2 -656.8 
99KG-85 No4-WL HRD0064 180.40 464.00 19021.3 47771.7 -214.9 
99KG-86 No4-WL HRD0064 180.50 464.00 19021.3 47771.7 -214.9 
99KG-87 No4-WL HRD0064 180.60 464.00 19022.0 47771.7 -215.7 
99KG-88 No4-WL HRD0064 180.61 464.00 19022.0 47771.7 -215.7 
99KG-89 No4-WL HRD0064 188.20 3.65 19026.5 47771.8 -221.1 
99KG-90 No4-WL HRD0064 183.20 28.40 19023.2 47771.7 -217.2 
99KG-91 No4-WL GTD0036 25.80 13.80 18996.4 47600.4 -137.8 
99KG-92 No4-WL GTD0036 33.00 5.33 19000.9 47600.3 -143.2 
99KG-93 No4-WL GTD0036 45.00 12.10 19009.3 47600.1 -153.1 
99KG-94 No4-WL GTD0036 46.20 3.05 19009.8 47600.1 -153.7 
99KG-95 No4-WL GTD0036 66.10 2.07 19022.3 47599.7 -168.3 
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Sample Lode DDH Meter Grade (git) Easting Northing mBl 
99KG-96 No4-WL HRD0063 225.00 11.90 19015.7 47732.1 -260.2 
99KG-97 No4-WL HRD0063 230.40 92.20 19018.9 47732.2 -264.1 
99KG-98 No4-WL HRD0063 230.70 92.20 19019.5 47732.2 -264.8 
99KG-99 No4-WL HRD0064 169.30 13.80 19014.6 47771.6 -206.9 
99KG-100 No4-WL HRD0064 175.10 0.45 19018.1 47771.6 -211.1 
99KG-101 No4-WL HRD0064 177.20 46.90 19019.4 47771.6 -212.7 
99KG-102 Tetley BM06019 38.80 10.50 19485.3 48092.3 -638.0 
99KG-103 Tetley BM06019 46.00 3.09 19480.l 48093.5 -642.4 
99KG-104 Tetley BM06019 41.90 4.47 19483.0 48092.8 -639.9 
99KG-105 Tetley BM06019 48.20 8.00 19478.6 48093.9 -643.7 
99KG-106 Tetley BM06019 48.00 8.00 19478.6 48093.9 -643.7 
99KG-107 AustE-3 BP10006 9.20 18.80 19538.4 48452.2 -337.9 
99KG-108 AustE-3 BP10006 14.60 43.90 19543.3 48453.7 -337.9 
99KG-109 AustE-3 BP10006 21.30 6.76 19549.9 48455.7 -337.9 
99KG-110 AustE-3 BP11002 4.80 17.10 19525.0 48499.6 -367.7 
99KG-lll AustE-3 BP11002 14.60 8.76 19517.8 48496.4 -363.3 
99KG-112 AustE-3 BP11002 16.60 7.71 19515.6 48495.4 -361.9 
99KG-113 AustE-3 BP11002 17.50 8.69 19515.1 48495.2 -361.6 
99KG-114 AustE-3 BP11003 7.00 5.41 19528.0 48490.1 -367.1 
99KG-115 AustE-3 BP11003 15.40 12.80 19520.4 48487.1 -362.6 
99KG-116 AustE-3 BP11003 18.60 7.95 19518.6 48486.4 -361.5 
99KG-117 AustE-3 BP10003 14.50 5.97 19538.0 48466.3 -349.2 
99KG-118 AustE-3 BP10003 18.20 7.95 19540.4 48467.0 -351.8 
99KG-119 AustE-3 BP10002 29.50 20.10 19556.4 48471.8 -337.9 
99KG-120 AustE-3 BP10002 24.20 5.27 19550.7 48470.4 -337.9 
99KG-121 AustE-3 BP10002 24.70 7.22 19551.7 48470.4 -337.9 
99KG-122 AustE-3 Pit NIA 12.80 19582.0 48420.0 -228.0 
99KG-123 No3-WL Pit NIA 3.45 18985.0 48185.0 -159.0 
99KG-124 Tetley Pit NIA 3.75 19593.0 48088.0 -135.0 
99KG-125 AustE-3 BM05356 0.50 3.02 19588.7 48287.8 -335.9 
99KG-126 AustE-3 BM05356 4.20 5.12 19591.0 48287.9 -333.5 
99KG-127 AustE-3 BM05356 5.50 5.30 19592.5 48287.9 -332.1 
99KG-128 AustE-3 BM05356 16.80 6.97 19600.2 48288.3 -324.3 
99KG-129 AustE-3 BM05360 35.10 7.48 19575.7 48299.9 -353.0 
99KG-130 AustE-3 BM05354 4.30 5.98 19593.4 48288.3 -341.8 
99KG-131 AustE-3 BM05354 5.50 13.70 19594.1 48288.4 -342.1 
99KG-132 AustE-3 BM05350 1.60 9.90 19582.3 48288.3 -340.0 
99KG-133 AustE-3 BM05350 2.00 8.50 19581.9 48288.4 -340.1 
99KG-134 AustE-3 BM05350 12.80 11.70 19571.5 48289.0 -343.9 
99KG-135 AustE-3 BM05350 10.20 2.26 19569.8 48289.1 -344.5 
99KG-136 AustE-3 BM05352 5.40 10.80 19578.4 48288.1 -337.5 
99KG-137 AustE-3 BM05352 4.80 10.80 19579.2 48288.0 -337.6 
99KG-138 AustE-3 BM05362 60.00 5.17 19598.6 48296.7 -313.6 
99KG-139 AustE-3 BM05362 68.00 95.00 19606.1 48295.7 -310.9 
99KG-140 AustE-3 BM05362 68.30 95.00 19606.3 48295.7 -310.8 
99KG-141 Oroya-GL MA04167 61.70 605.00 19675.1 48627.6 -311.9 
99KG-142 Oroya-GL MA04167 45.20 767.50 19664.0 48617.7 -317.3 
99KG-143 Oroya-GL MA04167 61.10 538.50 19674.5 48627.2 -312.2 
99KG-144 Oroya-GL MA04167 48.60 484.50 19666.1 48619.5 -316.3 
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Sample Lode DDH Meter Grade (git) Easting Northing mBl 
99KG-145 Perseverance PRGDOlO 192.20 24.60 19342.9 48246.8 -199.7 
99KG-146 Perseverance PRGDOlO 180.20 5.89 19335.2 48247.0 -190.4 
99KG-147 Perseverance PRGDOlO 185.80 20.30 19339.0 48246.9 -195.1 
99KG-148 Perseverance PRGDOlO 187.50 26.00 19340.3 48246.9 -196.6 
99KG-149 Perseverance PRGDOlO 202.50 21.10 19349.8 48246.7 -207.9 
99KG-150 Perseverance PRGD003 266.20 0.53 19382.8 48087.3 -252.6 
99KG-151 Perseverance PRD0056 103.00 328.00 19332.4 48291.0 -120.2 
99KG-152 Perseverance PRD0056 94.80 8.84 19326.8 48290.9 -114.4 
99KG-153 Perseverance PRD0056 85.20 ? 19319.9 48290.8 -107.3 
99KG-154 Perseverance GTD0020 173.00 8.10 19264.0 48315.8 -177.4 
99KG-155 Perseverance BM05571 61.20 2.92 19321.9 48233.3 -352.2 
99KG-156 Perseverance BM05571 53.90 39.40 19329.7 48232.8 -351.2 
99KG-157 Perseverance PRD0063 154.20 22.40 19327.3 48328.0 -166.1 
99KG-158 Perseverance PRD0063 156.10 22.40 19328.6 48328.0 -167.6 
99KG-159 Perseverance PRD0063 155.60 7.76 19328.6 48328.0 -167.6 
99KG-160 Perseverance PRD0063 121.20 10.40 19305.4 48328.0 -141.4 
99KG-161 Brownhill Pit NIA 4.95 19863.0 48825.0 -105.0 
99KG-162 Perseverance PRD0055 133.90 27.90 19305.5 48291.9 -150.3 
99KG-163 Perseverance PRD0055 134.40 9.31 19306.1 48291.9 -151.1 
99KG-164 Perseverance PRD0055 172.60 10.20 19331.6 48293.1 -178.6 
99KG-165 Perseverance PRD0055 175.20 8.60 19333.3 48293.2 -180.4 
99KG-166 Perseverance PRD0055 150.20 5.28 19316.3 48292.3 -162.1 
99KG-167 Perseverance PRD0055 159.80 64.50 19322.9 48292.6 -169.3 
99KG-168 Federal PAGD008 121.90 28.80 19920.5 49330.7 -145.0 
99KG-169 Federal PAGD008 124.00 12.30 19921.7 49330.7 -146.8 
99KG-170 Federal PAGD008 124.80 7.53 19922.1 49330.7 -147.3 
99KG-171 Federal PAGD008 126.90 5.91 19923.1 49330.7 -149.0 
99KG-172 Hannan Nth HND0006 110.60 135.00 20251.3 53772.6 -111.8 
99KG-173 Abedare ADGDOOl 150.40 5.47 19593.2 46526.3 -179.9 
99KG-174 Abedare ADGDOOl 160.90 5.23 19600.7 46526.3 -187.2 
99KG-175 Abedare ADGDOOl 161.30 8.25 19600.7 46526.3 -187.2 
99KG-176 Abe dare ADGDOOl 161.50 8.25 19601.4 46526.3 -187.9 
99KG-177 Abedare ADGD002 169.00 35.20 19648.2 46510.8 -188.9 
99KG-178 No4-WL CHUD006 83.30 6.81 19014.3 47481.4 -413.6 
99KG-179 No4-WL CHUD006 85.30 6.55 19016.5 47481.9 -413.5 
99KG-180 No4-WL CHUD006 86.10 53.40 19017.1 47482.0 -413.4 
99KG-181 No4-WL CHUD006 78.40 8.04 19010.0 47480.1 -413.9 
99KG-182 No4-WL CHUD006 79.20 4.98 19010.3 47480.2 -413.9 
99KG-183 No4-WL CHUD006 81.30 4.43 19012.7 47480.9 -413.7 
99KG-184 No3-WL CHUD006 37.50 20.20 18972.3 47464.1 -416.9 
99KG-185 No4-WL CHUD015 19.30 10.80 19006.0 47471.8 -397.4 
99KG-186 No4-WL CHUD015 19.80 10.80 19006.9 47471.8 -397.8 
99KG-187 No4-WL CHUD015 21.70 12.40 19008.0 47471.7 -398.2 
99KG-188 No4-WL CHUD022 23.40 11.30 19016.9 47511.3 -392.2 
99KG-189 No4-WL CHUD022 28.20 17.40 19021.5 47511.1 -392.9 
99KG-190 No4-WL CHUD022 29.20 16.20 19022.7 47511.1 -393.0 
99KG-191 No4-WL CHUD022 17.60 19.70 19011.3 47511.6 -391.4 
99KG-192 No4-WL CHUD022 21.70 4.93 19015.3 47511.4 -392.0 
99KG-193 No4-WL CHUD022 22.70 6.16 19016.2 47511.4 -392.1 
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Sample Lode DOH Meter Grade (git) Easting Northing mBl 
99KG-194 No2-WL HRD0057 228.00 9.17 18932.6 47321.5 -236.6 
99KG-195 No4-WL HSGD004 65.60 41.40 19022.1 47650.5 -158.5 
99KG-196 No4-WL HSGD004 66.00 41.40 19022.5 47650.5 -158.8 
99KG-197 No4-WL HSGD019 104.50 9.60 19017.4 47731.1 -162.6 
99KG-198 No4-WL CHUD014 33.10 4.09 19017.8 47484.6 -407.0 
99KG-199 No4-WL CHUD014 34.30 7.31 19018.7 47484.4 -407.6 
99KG-200 No2-WL CTGD003 247.30 6.44 18849.2 48119.9 -260.1 
99KG-201 No2-WL CTGD003 252.60 *2.42 18852.2 48119.5 -264.2 
99KG-202 No2-WL CTGD002 214.20 245.00 18837.9 4Sl06.l -235.5 
99KG-203 No2-WL CTGD002 214.40 245.00 18837.9 48106.1 -235.5 
99KG-204 No4-WL HRD0065 259.60 18.60 19030.2 47849.0 -276.1 
99KG-205 No2-WL HRD0065 114.50 18.90 18938.7 47852.5 -163.7 
99KG-206 No2-WL HRD0068 82.70 90.10 18905.9 47910.5 -137.7 
99KG-207 No2-WL HRD0068 84.00 12.20 18906.8 47910.5 -138.8 
99KG-208 No2-WL HMGD002 175.00 5.58 18875.3 48062.3 -219.5 
99KG-209 No2-WL HMGD002 172.00 14.20 18877.0 48061.9 -217.3 
99KG-210 No2-WL HRD0065 71.80 2.87 18912.0 47851.3 -130.0 
99KG-211 No2-WL HRD0065 76.00 37.30 18914.6 47851.5 -133.2 
99KG-212 No2-WL HRD0065 76.80 18.50 18915.0 47851.5 -133.7 
99KG-213 No3-WL HMGD005 117.50 30.00 18983.2 48090.1 -176.9 
99KG-214 No3-WL HMGD005 118.00 32.80 18983.9 48090.1 -177.6 
99KG-215 No3-WL HMGD005 115.20 31.20 18981.9 48090.l -175.4 
99KG-216 No3-WL HRD0059 173.40 0.01 18958.2 47874.7 -211.1 
99KG-217 No4-WL HRD0059 317.30 7.20 19044.8 47874.9 -326.8 
99KG-218 No4-WL HRD0059 310.40 *0.18 19040.6 47875.0 -321.4 
99KG-219 No3-WL HRD0053 224.20 7.80 18979.2 47951.1 -246.2 
99KG-220 No3-WL HRD0053 198.00 20.00 18961.9 47951.1 -226.3 
99KG-221 No2-WL HRD0033 276.60 19.00 18835.8 48096.8 -285.4 
99KG-222 No2-WL HRD0052 19.80 2.23 18932.4 47901.2 -85.8 
99KG-223 No2-WL HRD0052 · 17.80 6.70 18931.2 47901.2 -84.2 
99KG-224 Boulder Pit NIA 4.75 19028.0 48035.0 -245.0 
99KG-225 Int. Pers. & Pit NIA ? 19365.0 48150.0 -225.0 
Furness 
99KG-226 No3-WL Pit NIA ? 18938.0 47754.0 -245.0 
99KG-227 Hannon Nth Mt. Char NIA ? NIA NIA 13th Level 
99KG-228 No3-WL HRD0054 103.50 23.40 18981.5 48057.4 -159.6 
99KG-229 No3-WL HRD0054 100.90 13.20 18979.8 48057.4 -157.7 
99KG-230 No3-WL HRD0054 105.70 6.05 18983.0 48057.5 -161.4 
99KG-231 Mt. Percy KND0170 109.30 28.20 20855.2 53909.9 -110.0 
99KG-232 Mt. Percy KND0170 114.20 8.04 20858.5 53908.4 -114.0 
99KG-233 BLode MA03793 14.60 27.30 19661.7 50580.2 -364.8 
99KG-234 AustE-3 BM05652 6.40 9.23 19462.3 48629.6 -379.4 
99KG-235 AustE-3 BM05652 9.60 5.04 19465.2 48629.7 -380.2 
99KG-236 BLode MA04368 83.60 27.60 19678.7 49660.9 -144.3 
99KG-237 BLode MA04368 46.80 11.20 19714.6 49663.8 -152.l 
99KG-238 BLode MA03743 20.40 35.90 19636.3 50554.5 -379.1 
99KG-239 BLOde MA03743 13.80 6.04 19635.1 50554.6 -372.8 
99KG-240 AustE-3 BM05494 16.40 5.22 19478.5 48670.5 -337.2 
99KG-241 AustE-3 BM05494 12.30 5.58 19474.7 48670.3 -335.9 
124 
Sample Lode DDH Meter Grade (git) Easting Northing mBl 
99KG-242 No3-WL Pit NIA 9.15 18984.0 47969.0 -245.0 
99KG-243 BLode FDGD003 ? 34.50 19634.8 49609.9 -179.6 
99KG-244 BLode FDGD003 36.30 5.35 19637.4 49609.9 -184.6 
99KG-245 BLode PRD0116 219.10 5.48 19695.8 49992.8 -219.5 
99KG-246 BLode PRD0116 191.70 6.40 19676.6 49992.7 -199.6 
99KG-247 Oro ya GTD0003 135.70 11.00 19844.5 48786.3 -204.1 
99KG-248 BLode MA04517 7.60 5.38 19662.3 49662.4 -161.0 
99KG-249 B Lode MA04517 37.50 138.00 19637.1 49678.5 -161.0 
99KG-250 Federal MA04498 31.60 20.50 19897.5 49368.8 -253.2 
99KG-251 Federal MA04498 40.70 31.70 19900.9 49360.5 -252.4 
99KG-252 LV/Main NKGD008 200.40 7.01 19426.2 49347.7 -206.2 
99KG-253 No3-WL HRD0042 274.30 14.00 18962.0 47698.4 -268.7 
99KG-254 No3-WL HRD0042 258.40 18.00 18951.3 47699.0 -256.8 
99KG-255 No4-WL CHUD046 5.20 24.90 19026.3 47230.5 -205.7 
99KG-256 No4-WL CHUD046 7.40 20.60 19024.3 47230.6 -206.1 
99KG-257 No3-WL HRD0074 138.10 11.40 19025.2 47495.0 -223.4 
99KG-258 No3-WL HRD0074 147.80 5.09 19031.7 47495.4 -231.1 
99KG-259 Perseverance PRD0068 42.00 7.62 19302.0 48406.5 -77.2 
99KG-260 No3-WL HRD0079 135.50 30.50 19014.3 47513.9 -228.3 
99KG-261 No3-WL HRD0079 155.40 13.00 19026.6 47514.6 -242.8 
99KG-262 LV/Main LVD0033 132.00 44.50 19489.0 47575.5 -153.2 
99KG-263 Perseverance PRD0070 34.50 5.28 19287.4 48449.4 -72.0 
99KG-264 LV/Main LVD0008 62.00 17.10 19477.4 47500.0 -101.1 
99KG-265 No3-WL HRD0079 152.90 5.67 19025.9 47514.6 -242.0 
99KG-266 No4-WL CHUD069 44.00 23.80 19021.3 47259.3 -375.7 
99KG-267 No3-WL BM05981 19.00 10.70 18982.2 47690.7 -318. l 
99KG-268 No3-WL BM05981 58.80 2.40 18949.l 47682.8 -296.9 
99KG-269 Emerald BM05504 41.25 5.88 19632.5 48457.8 -318.1 
99KG-270 Emerald BM05513 51.70 5.83 19617.2 48455.7 -340.1 
99KG-271 Emerald BM05507 44.50 5.31 19638.8 48460.0 -304.0 
99KG-272 Emerald BM05513 45.60 145.00 19624.2 48456.0 -340.0 
99KG-273 LV/Main MA04019 5.40 95.10 19356.0 49375.0 -510.1 
99KG-274 LV/Main MA04019 3.60 5.31 19354.9 49375.0 -510.1 
99KG-275 BLode MA04781 56.30 13.10 19628.0 50409.3 -367.9 
99KG-276 BLode MA04310 115.60 7.61 19596.8 50442.2 -432.1 
99KG-277 BLode MA04310 124.40 6.18 19591.2 50436.0 -431.8 
99KG-278 LV/Main MA03821 7.85 8.30 19373.1 49570.2 -434.4 
99KG-279 LV/Main MA03695 12.60 5.98 19395.8 49497.9 -402.1 
99KG-280 Assoc. #2 BM05152 84.90 28.40 19502.9 48199.3 -352.4 
99KG-281 Assoc. #2 HRD0019A 177.80 16.20 19013.5 47841.7 -209.5 
99KG-282 Boulder HRD0025 182.40 20.00 18997.1 47751.8 -218.8 
99KG-283 Boulder HRD0023 270.80 19.00 18972.4 47791.7 -285.4 
99KG-284 Assoc. #2 BM05574 113.40 46.20 19502.8 48190.1 -355.2 
99KG-285 Assoc. #2 BM05574 119.40 45.50 19508.5 48190.7 -356.2 
99KG-286 Assoc. #2 BM05574 110.10 11.30 19500.0 48189.6 -354.8 
99KG-287 Boulder HRD0052 165.40 57.50 ? ? ? 
99KG-288 Assoc. #2 PRD0060 198.00 6.42 19512.9 48329.1 -194.2 
99KG-289 Assoc. #2 PRD0060 196.50 10.30 19511.9 48329.1 -193.0 
99KG-290 Boulder HRD0053 265.60 5.03 19006.3 47950.9 -277.0 
125 
Sample Lode DDH Meter Grade (git) Easting Northing mBl 
99KG-291 Morrison MRD0023 182.70 5.74 18913.7 46945.0 -218.2 
99KG-292 Morrison BM05886 9.50 48.80 18965.3 46841.6 -215.6 
99KG-293 Morrison BM05862 3.50 8.40 19009.8 46775.3 -217.2 
99KG-294 Morrison BM05848 24.70 11.70 19009.1 46766.3 -216.8 
99KG-295 Morrison MRD0012 121.80 10.70 18984.7 46825.5 -167.1 
99KG-296 Morrison BM05848 21.10 38.70 19012.0 46766.6 -219.4 
99KG-297 Morrison MRD0012 114.50 285.00 18979.8 46825.8 -161.8 
99KG-298 Morrison BM05861 5.20 8.29 19013.4 46769.1 -213.7 
99KG-299 Morrison HRD0048 166.60 28.00 18869.4 47042.5 -197.5 
99KG-300 No3-WL Pit NIA 11.80 18982.0 47938.0 -245.0 
99KG-301 Boulder Pit NIA 260.00 19016.0 47943.0 -245.0 
99KG-302 Perseverance PRD0068 22.00 5.20 19289.8 48408.2 -61.6 
99KG-303 Perseverance PRD0068 25.40 19.80 19292.2 48407.9 -64.7 
99KG-304 OroyaShoot BM05516 10.40 9.88 19683.2 48468.9 -328.7 
99KG-305 Oroya Shoot BM05516 13.30 8.02 19685.3 48468.8 -326.9 
99KG-306 Boulder HRD0059 228.30 27.50 18990.8 47875.5 -255.4 
99KG-307 LY/Main LVD0002 111.30 5.16 19505.7 47349.4 -140.9 
99KG-308 LY/Main PRD0025 238.70 15.90 19428.1 48106.6 -219.9 
99KG-309 LY/Main BM05573 33.39 5.62 19423.9 48176.8 -333.0 
99KG-310 LY/Main BM05260 20.70 7.22 19401.3 48763.8 -405.0 
99KG-311 LY/Main BM05260 29.70 7.96 19393.0 48764.0 -403.4 
99KG-312 LY/Main SKUD106 149.50 8.75 19301.2 48758.0 -659.6 
99KG-313 LY/Main SKUD098 34.50 5.36 19332.5 48570.2 -636.4 
99KG-314 LY/Main BM05814 42.80 13.40 19371.0 48810.1 -497.0 
99KG-315 LY/Main BM05315 56.40 23.30 19383.2 48548.4 -402.6 
99KG-316 LY/Main BM05315 55.60 28.50 19384.2 48548.5 -402.6 
99KG-317 No2-WL Pit NIA 6.30 18884.0 47864.0 -240.0 
99KG-318 ? Pit NIA 20.10 19833.0 48690.0 -105.0 
99KG-319 Furness PRD0057 111.80 8.50 19392.4 48290.8 -123.8 
99KG-320 Furness PRD0057 99.80 7.97 19384.2 48290.7 -115.1 
99KG-321 Furness BM05571 7.60 7.71 19375.2 48230.8 -345.6 
99KG-322 Furness BM05575 13.60 78.90 19371.1 48169.2 -338.9 
99KG-323 Furness BM05575 16.00 52.00 19369.1 48168.8 -338.2 
99KG-324 Furness PRGD014 125.50 200.00 19384.1 48287.5 -286.1 
99KG-325 LY/Main NKGD002 114.20 5.39 19449.7 49069.7 -130.1 
99KG-326 LY/Main BM05120 64.00 5.24 19371.8 48499.3 -493.1 
99KG-327 LY/Main BM05126 52.80 8.78 19360.7 48429.8 -492.5 
99KG-328 LY/Main BM05126 49.20 9.37 19364.6 48429.5 -491.6 
99KG-329 Furness BM05570 8.70 6.50 19374.7 48230.9 -341.1 
99KG-330 Furness PRGD014 128.00 110.00 19382.2 48288.1 -270.4 
99KG-331 Furness PRGD014 120.30 10.40 19387.2 48286.7 -264.3 
99KG-332 Furness BM05179 9.00 13.40 19361.2 48130.1 -439.8 
99KG-333 No3-WL Pit NIA 28.20 18941.0 47749.0 -245.0 
99KG-334 No3-WL Pit NIA 13.90 18941.0 47749.0 -245.0 
99KG-335 LY/Main MA03854 35.50 14.90 19398.6 49716.5 -369.6 
99KG-336 LY/Main MA03854 26.10 7.06 19400.4 49707.3 -369.6 
99KG-337 Federal PAGD013 184.30 8.24 19908.0 49487.7 -208.8 
99KG-338 No4-WL CHUD038 15.40 5.40 19014.5 47216.3 -455.0 
99KG-339 No2-WL CHUD043 75.50 9.75 18979.8 47184.6 -195.9 
126 
Sample Lode DDH Meter Grade (git) Easting Northing mBl 
99KG-340 Boulder HRD0042 285.00 84.30 18969.3 47697.9 -276.9 
99KG-341 Boulder HRDOOIOA 180.90 5.26 19000.0 47691.8 -215.0 
99KG-342 LV/Main MA03739 9.70 12.80 19392.4 49213.3 -406.4 
99KG-343 LV/Main MA03873 2.10 5.78 19392.6 49299.6 -404.4 
99KG-344 LV/Main MA03837 8.10 6.97 19369.6 49588.0 -436.1 
99KG-345 OroyaShoot MA04677 14.80 29.00 19758.6 48698.5 -269.6 
99KG-346 Oroya Shoot MA04677 14.10 29.00 19759.4 48696.7 -272.1 
99KG-347 OroyaShoot MA04700 34.50 9.00 19716.9 48617.1 -324.3 
99KG-348 LV/Main MA03739 15.20 9.52 19387.4 49214.0 -406.9 
99KG-349 BLode Pit NIA 4.80 19684.0 49055.0 -95.0 
99KG-350 No3-WL Pit NIA ? 18938.0 47754.0 -245.0 
99KG-351 Chari. Ore Body Mt. Char. NIA ? NIA NIS 5th Level 
99KG-352 No3-WL Pit NIA 9.65 18984.0 48005.0 -245.0 
99KG-353 423 Lode Pit NIA 4.95 19601.0 48718.0 -235.0 
99KG-354 423 Lode Pit NIA 3.35 19603.0 48714.0 -235.0 
99KG-355 423 Lode Pit NIA 4.15 19598.0 48723.0 -235.0 
99KG-356 BLode Pit NIA 17.60 19616.0 48745.0 -235.0 
127 
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APPENDIX C. ELECTRON MICROPROBE DATA 
Arsenopyrite 
Wt.% 2 2 3 4 5 6 
s 21.05 20.49 20.99 19.90 20.75 18.85 21.26 
Fe 34.26 35.55 34.49 34.55 34.95 35.31 36.05 
Cu 0.03 0.00 0.03 0.01 0.00 O.Ql 0.04 
Zn 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
As 43.36 42.23 42.96 44.62 42.56 43.22 39.63 
Se 0.17 0.48 0.45 0.56 0.22 0.63 1.62 
Ag 0.00 0.02 0.01 0.00 0.03 0.00 0.00 
Sb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Te 0.00 0.07 0.01 0.00 ·0.39 0.04 0.00 
Au 0.00 0.16 0.00 0.00 0.31 0.00 0.00 
Hg 0.30 0.00 0.00 0.00 0.00 0.16 0.00 
Pb 0.00 0.00 0.08 0.00 0.02 0.00 0.00 
Bi 0.00 0.10 0.00 0.23 0.00 0.12 0.13 
Total 99.18 99.09 99.01 99.86 99.23 98.34 98.72 
Atomic proportions normalized to 3 atoms 
s 1.063 1.038 1.061 1.010 1.050 0.976 1.071 
Fe 0.993 1.033 1.000 1.006 1.015 1.049 1.041 
Cu 0.001 0.000 0.001 0.000 0.000 0.000 0.001 
Zn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
As 0.937 0.915 0.929 0.969 0.922 0.957 0.853 
Se 0.004 0.010 0.009 0.012 0.005 0.013 0.033 
Ag 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Sb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Te 0.000 0.001 0.000 0.000 0.005 0.001 0.000 
Au 0.000 0.001 0.000 0.000 0.003 0.000 0.000 
Hg 0.002 0.000 0.000 0.000 0.000 0.001 0.000 
Pb 0.000 0.001 0.000 0.002 0.000 0.001 0.000 
Bi 0.000 0.001 0.000 0.002 0.000 0.001 0.001 
1. 99KG-46 3. 99KG-250 5. 99KG-297A 
2. 99KG-254 4. 99KG-339 6. 99KG-342 
141 
Pyrite 
Wt.% 2 3 3 4 5 6 7 8 
s 55.11 46.72 53.50 53.38 53.05 50.91 51.97 52.99 53.68 
Fe 46.24 45.76 46.87 46.47 47.15 46.48 46.74 45.57 45.98 
Cu 0.00 0.08 0.02 0.39 0.00 0.08 0.00 0.02 0.17 
Zn 0.12 0.00 0.06 0.07 0.04 0.00 0.02 0.00 0.00 
As 0.06 8.97 0.14 0.30 0.00 2.90 1.64 0.57 0.28 
Se 0.00 0.13 0.39 0.64 0.53 0.81 0.47 0.45 0.43 
Ag 0.00 0.02 0.00 0.00 0.00 0.02 0.00 0.06 0.00 
Sb 0.00 0.00 0.00 0.09 0.00 0.01 0.00 0.00 0.00 
Te 0.00 0.00 0.00 0.06 0.01 0.00 0.04 0.02 0.00 
Au 0.05 0.00 0.09 0.00 0.00 0.10 0.00 0.23 0.00 
Hg 0.00 0.06 0.00 0.13 0.00 0.00 0.23 0.00 0.00 
Pb 0.27 0.03 0.10 0.10 0.19 0.03 0.16 0.20 0.09 
Bi 0.16 0.19 0.00 0.10 0.07 0.18 0.23 0.09 0.21 
Total 102.01 101.96 101.15 101.73 101.03 101.52 101.50 100.19 100.84 
Atomic proportions normalized to 3 atoms 
s 2.021 1.821 1.990 1.983 1.980 1.927 1.954 1.995 2.001 
Fe 0.973 1.023 1.000 0.991 1.010 1.010 1.008 0.984 0.983 
Cu 0.000 0.002 0.000 0.007 0.000 0.002 0.000 0.000 0.003 
Zn 0.002 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.000 
As 0.001 0.149 0.002 0.005 0.000 0.047 0.026 0.009 0.004 
Se 0.000 0.002 0.006 0.010 0.008 0.012 0.007 0.007 0.007 
Ag 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 
Sb 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 
Te 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 
Au 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.001 0.000 
Hg 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.000 
Pb 0.002 0.001 0.001 0.001 0.001 0.000 0.001 0.000 0.001 
Bi 0.001 0.001 0.000 0.001 0.000 0.001 0.001 0.000 0.001 
1. 99KG-194 4. 99KG-142B 7. 99KG-88C 
2. 99KG-254 5. 99KG-297 8. 99KG-44C 
3. 99KG-340 6. 99KG-172 
142 
Pyrite (continued) 
Wt.% 9 10 11 11 11 12 12 12 13 
s 53.58 52.89 53.65 54.05 53.52 52.46 52.02 53.16 52.51 
Fe 46.91 46.63 46.31 46.33 46.13 45.89 45.70 46.07 45.27 
Cu 0.00 0.00 0.00 0.03 0.00 0.02 0.00 0.16 0.04 
Zn 0.00 0.51 0.05 0.00 0.00 0.06 0.00 0.04 0.06 
As 0.15 0.08 0.12 0.00 0.71 0.00 1.02 0.20 0.33 
Se O.ol 0.21 0.00 0.04 0.09 0.08 0.00 0.21 0.06 
Ag 0.00 0.00 0.00 0.06 0.00 0.02 0.02 0.00 0.02 
Sb 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.02 0.00 
Te 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
Au 0.00 0.00 0.00 0.00 0.14 0.00 0.14 0.00 0.12 
Hg 0.07 0.12 0.14 0.14 0.11 0.00 0.34 0.10 0.01 
Pb 0.22 0.19 0.17 0.07 0.33 0.10 0.30 0.02 0.06 
Bi 0.16 0.24 0.20 0.10 0.37 0.18 0.16 0.13 0.25 
Total 101.13 100.91 100.63 100.83 101.43 98.81 99.70 100.12 98.74 
Atomic proportions normalized to 3 atoms 
s 1.993 1.981 2.002 2.009 1.995 1.994 1.980 1.996 2.000 
Fe 1.001 1.002 0.992 0.988 0.986 1.001 0.998 0.992 0.989 
Cu 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.003 0.001 
Zn 0.000 0.009 0.001 0.000 0.000 0.001 0.000 0.001 0.001 
As 0.002 0.001 0.002 0.000 0.011 0.000 0.017 0.003 0.005 
Se 0.000 0.003 0.000 0.001 0.001 0.001 0.000 0.003 0.001 
Ag 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 
Sb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Te 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Au 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 
Hg 0.000 0.001 0.001 0.001 0.001 0.000 0.002 0.001 0.000 
Pb 0.001 0.001 0.001 0.001 0.002 0.001 0.002 0.000 0.000 
Bi 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001 
9. 99KG-90B 11. 99KG-41 13. 99KG-86B 
10. 99KG-84 12. 99KG-44B 
143 
Pyrite (continued) 
Wt.% 14 15 15 16 16 17 18 19 20 
s 53.07 53.45 52.75 52.19 52.86 51.96 53.94 53.47 53.51 
Fe 45.96 45.85 46.68 46.72 46.12 45.73 46.12 46.28 47.35 
Cu 0.23 0.00 0.03 0.02 0.01 0.08 0.03 0.01 0.03 
Zn 0.03 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
As 0.00 0.11 0.10 0.29 0.00 0.08 0.28 0.00 0.08 
Se 0.02 0.07 0.35 0.00 0.02 0.00 0.36 0.12 0.26 
Ag 0.00 0.00 0.00 0.04 0.03 0.05 0.02 0.00 0.00 
Sb 0.00 0.00 0.00 0.07 0.01 0.00 0.00 0.00 0.00 
Te 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.04 0.00 
Au 0.00 0.00 0.12 0.13 0.29 0.00 0.17 0.00 0.26 
Hg 0.09 0.07 0.22 0.20 0.37 0.00 0.00 0.00 0.00 
Pb 0.09 0.15 0.29 0.05 0.14 0.03 0.14 0.27 0.01 
Bi .0.17 0.15 0.25 0.15 0.09 0.34 0.13 0.23 0.15 
Total 99.66 99.89 100.82 99.85 99.95 98.26 101.20 100.41 101.65 
Atomic proportions normalized to 3 atoms 
s 1.999 2.007 1.981 1.976 1.995 1.990 2.004 2.001 1.984 
Fe 0.993 0.988 1.006 1.015 0.999 1.005 0.983 0.994 1.007 
Cu 0.004 0.000 0.001 0.000 0.000 0.002 0.001 0.000 0.001 
Zn 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
As 0.000 0.002 0.002 0.005 0.000 0.001 0.004 0.000 0.001 
Se 0.000 0.001 0.005 0.000 0.000 0.000 0.005 0.002 0.004 
Ag 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 
Sb 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 
Te 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Au 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Hg 0.001 0.000 0.001 0.001 0.002 0.000 0.000 0.000 0.000 
Pb 0.001 0.001 0.002 0.000 0.001 0.000 0.001 0.002 0.000 
Bi 0.001 0.001 0.001 0.001 0.000 0.002 0.001 0.001 0.001 
14. 99KG-91 17. 99KG-234 19. 99KG-118 




Wt.% 21 22 23 24 25 26 27 28 29 
s 54.21 52.25 52.94 53.25 53.69 52.13 52.97 51.68 53.55 
Fe 45.88 46.16 47.00 44.77 46.17 46.45 46.44 46.24 46.83 
Cu 0.76 0.13 0.00 0.08 0.00 0.02 0.00 0.00 0.59 
Zn 0.00 0.03 0.10 0.00 0.00 0.00 0.03 0.00 0.02 
As 0.03 1.99 0.09 0.75 0.19 2.60 1.06 0.04 0.26 
Se 0.38 0.20 0.98 0.88 1.15 0.76 0.90 0.32 0.24 
Ag 0.01 0.06 0.00 0.04 0.00 0.00 0.00 0.00 0.01 
Sb 0.03 0.01 0.01 0.04 0.00 0.00 0.00 O.Ql 0.00 
Te 0.20 0.08 0.06 0.00 0.01 0.00 O.Ql 0.00 0.00 
Au 0.00 0.00 0.05 0.00 0.18 0.00 0.00 0.00 0.00 
Hg 0.08 0.07 0.19 0.00 0.18 0.00 0.07 0.04 0.00 
Pb 0.00 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
Bi 0.21 0.22 0.18 0.27 0.17 0.12 0.08 0.18 0.18 
Total 101.78 101.21 101.60 100.08 101.75 102.08 101.55 98.51 101.67 
Atomic proportions normalized to 3 atoms 
s 2.003 1.963 1.974 2.004 1.993 1.949 1.975 1.978 1.984 
Fe 0.973 0.995 1.005 0.967 0.983 0.997 0.993 1.015 0.996 
Cu 0.014 0.002 0.000 0.002 0.000 0.000 0.000 0.000 0.011 
Zn 0.000 0.001 0.002 0.000 0.000 0.000 0.001 0.000 0.000 
As 0.000 0.032 0.001 0.012 0.003 0.042 0.017 0.001 0.004 
Se 0.006 0.003 0.015 0.013 0.017 0.012 0.014 0.005 0.004 
Ag 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Sb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Te 0.002 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 
Au 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 
Hg 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 
Pb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.001 0.001 0.001 0.002 0.001 0.001 0.000 0.001 0.001 
21. 99KG-122 24. 99KG-270 27. 99KG-342 
22. 99KG-281 25. 99KG-22 28. 99KG-288 
23. 99KG-38 26. 99KG-304 29. 99KG-26 
145 
Tetrahedrite Group Minerals 
Wt.% 1 1 2 2 3 3 4 4 5 6 
s 28.17 27.13 28.63 27.88 28.50 29.57 25.72 25.65 29.13 28.33 
Fe 4.57 4.63 6.79 6.87 7.00 6.17 1.99 2.02 5.22 6.80 
Cu 39.67 40.38 43.28 42.54 43.16 40.61 37.56 37.92 40.00 41.60 
Zn 3.26 3.01 1.29 1.21 0.80 0.47 6.18 6.17 2.64 0.73 
As 14.15 14.57 18.12 16.77 19.11 21.22 1.69 1.45 18.72 18.42 
Se 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.05 0.05 1.20 
Ag 0.16 0.00 0.01 0.05 0.00 0.18 0.00 0.00 0.08 0.30 
Sb 9.25 9.28 3.31 3.03 2.30 0.85 26.29 25.92 2.63 0.96 
Te 0.00 0.00 0.01 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
Bi 0.18 0.11 0.05 0.17 0.13 0.03 0.11 0.03 0.15 0.13 
Total 99.41 99.11 101.50 98.52 101.15 99.12 99.54 99.21 98.61 98.46 
Atomic proportions normalized to 13 S atoms 
s 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 
Fe 1.210 1.272 1.770 1.839 1.834 1.557 0.577 0.588 1.338 1.791 
Cu 9.238 9.761 9.916 10.008 9.932 9.008 9.577 9.696 9.007 9.633 
Zn 0.737 0.707 0.288 0.276 0.178 0.101 1.532 1.533 0.577 0.165 
As 2.795 2.987 3.521 3.346 3.729 3.992 0.366 0.314 3.575 3.618 
Se 0.000 0.000 0.000 0.000 0.029 0.000 0.000 0.010 0.008 0.223 
Ag 0.023 0.001 0.001 0.007 0.000 0.023 0.000 0.000 0.010 0.040 
Sb 1.124 1.170 0.396 0.372 0.276 0.098 3.498 3.458 0.309 0.115 
Te 0.000 0.000 0.001 0.000 0.000 0.003 0.000 0.000 0.000 0.000 
Bi 0.013 0.008 0.003 0.012 0.009 0.002 0.009 0.002 0.011 0.009 
1. 99KG-168 3. 99KG-264B 5. 99KG-260 
2. 99KG-264A 4. 99KG-202B 6. 99KG-340 
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Tetrahedrite Group Minerals (continued) 
Wt.% 6 6 6 7 7 8 8 8 9 10 
s 28.72 28.80 28.67 27.08 26.72 25.83 25.87 25.92 25.11 26.66 
Fe 8.51 6.74 7.25 2.74 2.72 1.89 1.86 1.84 3.08 2.86 
Cu 40.96 42.14 42.31 38.47 38.89 36.99 37.39 39.99 38.38 39.15 
Zn 1.09 1.11 1.22 5.11 5.51 6.20 6.35 6.40 4.24 4.63 
As 18.63 19.44 19.24 17.13 15.25 6.20 6.80 6.67 1.78 9.51 
Se 0.78 1.04 0.96 0.47 0.29 0.67 1.12 0.39 0.61 0.49 
Ag 0.06 0.00 0.00 0.35 0.33 0.00 0.00 0.08 0.16 0.28 
Sb 0.74 0.85 1.17 1.70 1.66 20.14 19.44 20.54 26.30 14.62 
Te 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.18 0.07 0.33 6.99 7.33 0.24 0.00 0.07 0.19 0.04 
Total 99.65 100.19 101.13 100.02 98.71 98.16 98.83 101.91 99.85 98.24 
Atomic proportions normalized to 13 S atoms 
s 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 
Fe 2.211 1.745 1.887 0.755 0.760 0.546 0.536 0.531 0.915 0.801 
Cu 9.352 9.596 9.679 9.318 9.544 9.390 9.478 10.120 10.023 9.632 
Zn 0.241 0.245 0.271 1.202 1.315 1.529 1.565 1.574 1.076 1.107 
As 3.608 3.755 3.733 3.519 3.175 1.334 1.461 1.432 0.395 1.986 
Se 0.143 0.191 0.176 0.092 0.058 0.137 0.228 0.080 0.129 0.098 
Ag 0.008 0.000 0.000 0.050 0.047 0.000 0.000 0.012 0.025 0.041 
Sb 0.088 0.100 0.139 0.214 0.213 2.668 2.571 2.712 3.583 1.877 
Te 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.012 0.005 0.023 0.515 0.547 0.019 0.000 0.005 0.015 0.003 
6. 99KG-340 8. 99KG-297 10. 99KG-91 
7. 99KG-5 9. 99KG-44A 11. 99KG-225 
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Tetrahedrite Group Minerals (continued) 
Wt.% 11 12 12 13 14 15 16 16 17 18 
s 28.34 26.18 25.77 26.46 28.14 28.45 27.94 27.62 26.53 26.90 
Fe 3.25 5.66 3.32 4.25 7.13 6.66 4.39 4.09 2.17 2.79 
Cu 41.76 38.31 37.78 39.79 41.93 41.71 41.37 40.63 39.37 40.48 
Zn 5.55 3.56 4.13 3.30 0.86 1.48 3.81 3.93 6.62 5.64 
As 17.55 7.50 5.29 9.53 19.55 18.08 17.05 16.56 10.27 9.30 
Se 0.00 0.10 0.19 0.57 0.28 0.03 0.67 0.49 0.08 0.00 
Ag 0.00 0.19 0.02 0.50 0.12 0.01 0.17 0.05 0.00 0.00 
Sb 3.33 17.72 24.17 15.38 0.52 1.85 5.21 4.77 13.72 14.92 
Te 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
Bi 0.07 0.16 0.02 0.00 0.05 0.09 0.11 0.09 0.15 0.02 
Total 99.85 99.38 100.70 99.77 98.58 98.36 100.73 98.22 98.90 100.05 
Atomic proportions normalized to 13 S atoms 
s 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 
Fe 0.857 1.613 0.962 1.197 1.892 1.746 1.172 1.105 0.611 0.773 
Cu 9.664 9.596 9.615 9.862 9.771 9.616 9.712 9.649 9.733 9.871 
Zn 1.248 0.866 1.021 0.796 0.195 0.331 0.870 0.906 1.590 1.337 
As 3.445 1.595 1.143 2.003 3.865 3.536 3.395 3.335 2.154 1.924 
Se 0.000 0.020 0.040 0.113 0.053 0.006 0.127 0.094 o.oi5 0.000 
Ag 0.000 0.029 0.003 0.073 0.016 0.002 0.024 0.007 0.000 0.000 
Sb 0.402 2.316 3.209 1.990 0.064 0.222 0.638 0.591 1.770 1.898 
Te 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 
Bi 0.005 0.012 0.002 0.000 0.003 0.006 0.008 0.006 0.011 0.001 
11. 99KG-225 14. 99KG-96 17. 99KG-234 
12. 99KG-251 15. 99KG-239 18. 99KG-136 
13. 99KG-254 16. 99KG-93A 
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Tetrahedrite Group Minerals (continued) 
Wt.% 19 19 20 21 21 22 23 24 25 26 
s 27.12 25.56 25.99 26.41 26.54 27.04 26.29 27.51 25.83 28.43 
Fe 3.49 1.60 2.03 2.70 1.91 2.97 3.88 5.74 3.60 5.84 
Cu 40.74 38.42 39.87 40.17 40.51 41.09 38.81 40.78 39.07 40.75 
Zn 5.50 6.74 6.88 6.38 6.30 5.17 5.59 1.68 6.73 1.52 
As 11.87 5.12 10.01 9.75 9.32 15.20 9.09 12.75 8.74 19.48 
Se 0.00 0.00 0.21 0.00 0.00 0.05 0.00 0.36 0.00 0.18 
Ag 0.03 0.94 0.22 0.03 0.11 0.14 0.02 0.24 0.00 0.01 
Sb 11.54 21.41 14.42 14.06 14.34 6.59 14.71 9.46 15.85 1.95 
Te 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.16 0.26 0.08 0.04 0.00 0.07 0.04 0.15 0.10 
Total 100.29 99.96 99.89 99.64 99.07 98.24 98.46 98.55 99.98 98.26 
Atomic proportions normalized to 13 S atoms 
s 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 
Fe 0.960 0.466 0.582 0.764 0.537 0.818 1.102 1.556 1.040 1.532 
Cu 9.853 9.856 10.063 9.975 10.009 9.968 9.682 9.723 9.919 9.400 
Zn 1.293 1.680 1.688 1.540 1.513 1.219 1.354 0.389 1.661 0.341 
As 2.436 1.114 2.142 2.054 1.954 3.127 1.923 2.579 1.881 3.812 
Se 0.000 0.000 0.042 0.000 0.000 0.009 0.000 0.070 0.000 0.034 
Ag 0.004 0.142 0.033 0.005 0.016 0.020 0.004 0.034 0.000 0.001 
Sb 1.456 2.866 1.899 1.821 1.849 0.835 1.914 1.177 2.100 0.234 
Te 0.000 0.000 0.000 0.006 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.013 0.020 0.006 0.003 0.000 0.005 0.003 0.012 0.007 
19. 99KG-132 22. 99KG-128 25. 99KG-117 
20. 99KG-131 23. 99KG-139 26. 99KG-324 
21. 99KG-133 24. 99KG-107 27. 99KG-118 
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Tetrahedrite Group Minerals (continued) 
Wt.% 27 27 28 29 30 30 30 31 31 31 
s 27.35 26.07 27.79 27.78 24.01 26.27 26.06 26.95 28.32 27.14 
Fe 2.61 3.58 4.37 5.81 1.20 1.24 1.27 1.87 2.08 1.83 
Cu 39.62 39.07 40.18 42.94 39.38 38.44 38.77 39.17 42.40 40.63 
Zn 6.47 5.97 3.82 1.66 6.78 6.88 6.58 5.89 6.46 6.54 
As 9.81 9.03 11.23 17.22 4.25 5.61 5.67 10.35 10.70 10.19 
Se 0.49 0.46 0.30 0.44 0.49 0.69 0.70 1.00 0.80 0.82 
Ag 0.00 0.06 0.16 0.39 0.00 0.78 0.75 0.65 0.12 0.11 
Sb 14.31 14.71 12.17 2.59 22.04 18.93 19.24 12.24 10.52 11.76 
Te 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.06 0.03 
Bi 0.19 0.03 0.17 O.ot 0.15 0.04 0.12 0.20 0.09 0.01 
Total 100.85 98.98 100.19 98.84 98.30 98.91 99.16 98.31 101.54 99.05 
Atomic proportions normalized to 13 S atoms 
s 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 
Fe 0.712 1.026 1.174 1.559 0.373 0.353 0.364 0.517 0.547 0.503 
Cu 9.501 9.827 9.484 10.138 10.756 9.597 9.758 9.534 9.820 9.817 
Zn 1.509 1.460 0.877 0.382 1.799 1.670 1.609 1.393 1.453 1.535 
As 1.995 1.927 2.248 3.447 0.985 1.188 1.210 2.137 2.103 2.088 
Se 0.094 0.093 0.057 0.083 0.107 0.138 0.142 0.196 0.149 0.160 
Ag 0.000 0.009 0.023 0.054 0.000 0.114 0.111 0.093 0.016 0.016 
Sb 1.790 1.931 1.499 0.320 3.141 2.465 2.527 1.555 1.271 1.482 
Te 0.000 0.000 0.000 0.000 0.000 0.004 0.000 0.000 0.007 0.004 
Bi 0.014 0.002 0.012 0.001 0.013 0.003 0.009 0.014 0.006 0.000 
27. 99KG-118 29. 99KG-287 31. 99KG-301 
28. 99KG-64 30. 99KG-350A 

151 
Tetrahedrite Group Minerals (continued) 
Wt.% 39 40 40 41 41 41 42 43 44 45 
s 28.12 29.02 28.97 25.93 25.71 25.34 27.79 28.60 28.01 28.98 
Fe 6.26 6.35 5.84 4.30 4.88 5.18 2.84 7.29 5.56 7.31 
Cu 42.33 41.85 41.56 36.77 34.97 34.20 40.85 39.92 43.38 40.15 
Zn 2.17 3.04 3.93 2.95 2.01 1.75 5.58 3.21 2.80 3.20 
As 16.14 16.89 15.97 0.00 0.50 0.21 14.83 17.33 16.31 17.28 
Se 0.23 0.10 0.14 0.00 0.00 0.00 0.00 0.20 0.00 0.06 
Ag 0.00 0.00 0.01 1.11 3.24 3.96 0.04 0.01 0.02 0.00 
Sb 2.70 2.04 3.60 27.41 27.41 27.98 6.31 1.59 2.14 2.21 
Te 0.00 0.00 0.07 0.06 0.00 0.00 0.01 0.00 0.00 0.11 
Bi 0.09 0.16 0.20 0.03 0.12 0.05 0.12 0.09 0.08 0.09 
Total 98.04 99.45 100.29 98.57 98.83 98.66 98.37 98.24 98.30 99.38 
Atomic proportions normalized to 13 S atoms 
s 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 
Fe 1.662 1.633 1.506 1.239 1.417 1.525 0.762 1.903 . 1.481 1.882 
Cu 9.871 9.460 9.409 9.300 8.921 8.852 9.642 9.154 10.156 9.086 
Zn 0.491 0.667 0.865 0.725 0.497 0.440 1.280 0.716 0.637 0.704 
As 3.192 3.238 3.068 0.000 0.109 0.047 2.969 3.372 3.239 3.318 
Se 0.043 0.019 0.025 0.000 0.000 0.000 0.000 0.037 0.000 0.010 
Ag 0.000 0.001 0.002 0.165 0.487 0.604 0.005 0.001 0.002 0.000 
Sb 0.329 0.240 0.425 3.617 3.649 3.778 0.777 0.190 0.261 0.261 
Te 0.000 0.000 0.008 0.008 0.000 0.000 0.001 0.000 0.000 0.013 
Bi 0.006 0.011 0.014 0.002 0.009 0.004 0.009 0.006 0.006 0.006 
39. 99KG-163 42. 99KG-286 44. 99KG-331 
40. 99KG-167 43. 99KG-162 45. 99KG-149 
41. 99KG-269 
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Tetrahedrite Group Minerals (continued) 
Wt.% 46 47 48 49 50 50 51 52 53 53 
s 28.65 29.06 28.07 28.41 28.62 28.63 27.27 28.89 26.88 26.38 
Fe 3.71 7.47 3.71 4.85 7.85 9.28 4.20 6.83 4.92 1.33 
Cu 41.91 43.66 41.87 42.45 43.91 42.48 40.98 41.82 39.12 40.35 
Zn 4.41 1.40 4.24 3.03 1.12 0.48 4.64 1.54 6.61 7.89 
As 18.00 17.45 15.79 13.87 16.75 17.63 9.37 18.72 3.07 4.34 
Se 0.70 0.52 0.33 0.01 0.30 0.52 0.35 0.36 0.16 0.35 
Ag 0.11 0.00 0.39 0.41 0.01 0.01 0.07 0.05 0.06 0.21 
Sb 3.49 1.40 3.57 7.18 2.63 2.08 14.45 2.35 19.34 18.95 
Te 0.11 0.00 0.02 0.02 0.00 0.17 0.00 0.02 0.08 0.05 
Bi 0.03 0.09 0.14 0.12 0:15 0.21 0.02 0.08 0.16 0.01 
Total 101.11 101.04 98.13 100.35 101.33 101.48 101.37 100.65 100.40 99.87 
Atomic proportions normalized to 13 S atoms 
s 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 
Fe 0.967 1.919 0.987 1.274 2.046 2.418 1.150 1.764 1.366 0.376 
Cu 9.596 9.852 9.783 9.798 10.062 9.732 9.857 9.496 9.547 10.029 
Zn 0.981 0.306 0.963 0.679 0.249 0.106 1.085 0.340 1.569 1.907 
As 3.495 3.341 3.129 2.716 3.255 3.426 1.912 3.606 0.636 0.915 
Se 0.130 0.094 0.061 0.001 0.055 0.096 0.068 0.065 0.031 0.070 
Ag 0.015 0.000 0.054 0.055 0.001 0.001 0.010 0.006 0.008 0.031 
Sb 0.417 0.164 0.435 0.865 0.314 0.248 1.814 0.278 2.462 2.457 
Te 0.012 0.000 0.003 0.003 0.000 0.019 0.000 0.002 0.010 0.006 
Bi 0.002 0.006 0.010 0.008 0.010 0.014 0.002 0.005 0.012 0.000 
46. 99KG-122 49. 99KG-333 52. 99KG-99 
47 99KG-281 50. 99KG-220 53. 99KG-345A 
48. 99KG-206 51. 99KG-215 54. 99KG-306 
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Tetrahedrite Group Minerals (continued) 
Wt.% 55 55 56 57 58 59 60 61 61 62 
s 26.73 27.38 29.17 28.75 26.18 27.90 27.68 26.87 27.23 27.78 
Fe 3.26 2.25 4.77 3.74 4.69 4.90 7.70 3.44 3.28 2.87 
Cu 42.08 40.40 43.87 41.29 39.39 43.65 37.72 41.11 40.32 41.51 
Zn 6.19 6.32 4.75 3.84 5.26 3.45 3.25 6.20 6.18 6.36 
As 8.15 8.23 15.54 13.75 1.07 14.25 12.21 13.91 14.10 14.70 
Se 0.56 0.21 0.00 0.45 0.32 0.30 1.24 0.96 0.44 0.79 
Ag 0.12 0.00 0.04 0.15 0.20 0.47 0.05 0.06 0.00 0.07 
Sb 12.01 14.14 3.03 8.58 21.01 2.99 7.81 9.10 8.96 7.85 
Te 0.00 0.05 0.00 0.00 0.00 0.00 0.15 0.00 0.03 0.00 
Bi 0.03 0.17 0.21 0.09 0.18 0.08 0.22 0.14 0.10 0.10 
Total 99.12 99.14 101.37 100.61 98.31 97.99 98.04 101.79 100.65 102.02 
Atomic proportions normalized to 13 S atoms 
s 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 13.000 
Fe 0.909 0.614 1.220 0.970 1.338 1.311 2.076 0.955 0.900 0.770 
Cu 10.326 9.678 9.865 9.418 9.870 10.263 8.936 10.032 9.713 9.798 
Zn 1.477 1.471 1.037 0.852 1.281 0.788 0.749 1.470 1.447 1.460 
As 1.697 1.672 2.963 2.660 0.227 2.841 2.453 2.879 2.881 2.944 
Se 0.110 0.040 0.000 0.082 0.065 0.057 0.237 0.189 0.086 0.150 
Ag 0.018 0.000 0.005 0.019 0.029 0.066 0.007 0.009 0.000 0.009 
Sb 1.537 1.767 0.355 1.021 2.747 0.367 0.966 1.158 1.126 0.966 
Te 0.000 0.006 0.000 0.000 0.000 0.000 0.018 0.000 0.004 0.000 
Bi 0.002 0.013 0.015 0.006 0.014 0.006 0.016 0.011 0.007 0.007 
55. 99KG-137 58. 99KG-50 61. 99KG-274 
56. 99KG-318 59. 99KG-207 62. 99KG-288 
57. 99KG-215 60. 99KG-213 63. 99KG-39 
154 
Gold 
Wt.% 1 1 1 1 1 2 2 2 2 2 
Au 96.03 95.75 94.63 94.86 95.10 93.63 91.03 93.23 93.94 92.01 90.02 
Ag 4.42 4.44 4.38 4.54 4.87 4.72 7.23 7.45 5.43 8.12 7.80 
Te 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 
Zn 0.00 0.07 0.00 0.00 0.01 0.03 0.03 0.00 0.00 0.10 0.03 
As 0.03 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.04 0.00 0.00 
Se 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.00 0.00 0.00 0.41 0.00 0.00 0.00 0.17 
Total 100.49 100.27 99.01 99.40 99.99 98.40 98.70 100.71 99.41 100.23 98.02 
Atomic proportions nonnalized to 1 atom 
Au 0.922 0.920 0.922 0.920 0.914 0.915 0.869 0.872 0.904 0.859 0.861 
Ag 0.078 0.078 0.078 0.080 0.086 0.084 0.126 0.127 0.095 0.138 0.136 
Te 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Zn 0.000 0.002 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.003 0.001 
As 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 
Se 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.002 
Wt.% 3 3 4 5 6 7 8 8 8 8 8 
Au 91.35 93.49 85.74 81.91 97.35 94.54 93.65 94.53 93.61 94.44 94.44 
Ag 8.02 6.61 12.19 16.82 3.49 7.24 5.80 4.58 5.75 5.45 3.49 
Te 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.07 0.04 0.03 
Zn 0.00 0.03 0.02 0.00 0.00 0.00 0.04 0.00 0.01 0.00 0.03 
As 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Se 0.00 0.00 0.00 0.00 0.36 0.26 0.44 0.34 0.42 0.23 0.49 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.00 
Total 99.52 100.13 97.95 98.81 101.21 102.08 99.93 99.45 99.86 100.51 98.49 
Atomic proportions nonnalized to 1 atom 
Au 0.861 0.885 0.794 0.726 0.930 0.872 0.888 0.911 0.889 0.896 0.924 
Ag 0.138 0.114 0.206 0.272 0.061 0.122 . 0.100 0.081 0.100 0.094 0.062 
Te 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 
Zn 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001 
As 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Se 0.000 0.000 0.000 0.000 0.009 0.006 0.010 0.008 0.010 0.005 0.012 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 
1. 99KG168 4. 99KG-260 7. 99KG-330 
2. 99KG-202B 5. 99KG-5 8. 99KG-88B 
3. 99KG-202A 6. 99KG-297 
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Gold { continued2 
Wt.% 8 9 9 9 9 9 9 10 11 11 12 
Au 95.02 96.04 96.73 96.07 95.11 94.89 95.02 92.13 92.13 92.32 92.69 
Ag 5.59 4.11 3.68 4.76 4.62 4.59 3.57 8.31 9.09 8.78 7.65 
Te 0.07 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Zn 0.00 0.10 0.05 0.00 0.06 0.00 0.06 0.05 0.11 0.05 0.00 
As 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 
Se 0.44 0.24 0.31 0.36 0.15 0.48 0.30 0.24 0.39 0.22 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.01 0.00 0.07 0.02 0.34 0.03 0.23 0.17 0.00 0.00 
Total 101.25 100.54 100.75 101.25 99.96 100.30 98.97 100.96 101.88 101.37 100.42 
Atomic proportions normalized to 1 atom 
Au 0.890 0.919 0.927 0.909 0.913 0.906 0.927 0.851 0.836 0.847 0.867 
Ag 0.096 0.072 0.064 0.082 0.081 0.080 0.064 0.140 0.151 0.147 0.131 
Te 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Zn 0.000 0.003 0.001 0.000 0.002 0.000 0.002 0.001 0.003 0.001 0.000 
As 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 
Se 0.010 0.006 0.007 0.008 0.004 0.011 0.007 0.005 0.009 0.005 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.001 0.000 0.003 0.000 0.002 0.001 0.000 0.000 
Wt.% 13 14 15 16 17 18 19 20 21 22 22 
Au 90.74 90.45 95.35 98.00 94.76 94.54 97.71 93.61 92.62 96.97 97.71 
Ag 10.14 8.33 5.33 3.83 2.95 7.20 3.58 7.15 8.30 3.23 3.50 
Te 0.00 0.00 0.01 0.00 0.08 0.00 O.oI 0.03 0.00 0.14 0.00 
Zn 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.03 
As 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.02 
Se 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.19 0.24 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.34 0.00 
Bi 0.00 0.57 0.41 0.00 0.00 0.00 0.09 0.18 0.19 0.02 0.00 
Total 100.89 99.36 101.10 101.89 97.95 101.74 101.38 100.97 101.11 100.89 101.50 
Atomic proportions normalized to 1 atom 
Au 0.830 0.852 0.904 0.932 0.941 0.878 0.936 0.876 0.858 0.933 0.932 
Ag 0.170 0.143 0.092 0.067 0.053 0.122 0.063 0.122 0.140 0.057 0.061 
Te 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.002 0.000 
Zn 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.001 
As 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Se 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.004 0.006 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 
Bi 0.000 0.005 0.004 0.000 0.000 0.000 0.001 0.002 0.002 0.000 0.000 
8. 99KG-88B 12. 99KG-90B 16. 99KG-225 20. 99KG-136 
9. 99KG-88C 13. 99KG-142C 17. 99KG-339 21. 99KG-142A 
10. 99KG-44C 14. 99KG-44B 18. 99KG-203 22. 99KG-297A 
11. 99KG-44A 15. 99KG-86B 19. 99KG-93A 
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Gold ~ continued2 
Wt.% 23 24 24 25 26 27 28 29 30 31 32 
Au 96.31 94.23 95.23 92.38 95.01 95.70 89.08 94.20 90.85 93.05 91.55 
Ag 4.50 3.40 2.88 6.55 3.62 2.75 8.16 6.83 9.90 7.12 6.38 
Te 0.15 0.12 0.00 0.15 0.07 0.00 0.19 0.00 0.00 0.00 0.01 
Zn 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.04 0.00 0.00 0.00 
As 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Se 0.11 0.31 0.07 0.00 0.00 0.09 0.28 0.26 0.38 0.10 0.46 
Hg 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.32 0.17 0.14 0.00 0.00 0.24 0.22 0.00 0.00 0.02 
Total 101.08 98.38 98.42 99.23 98.70 98.54 97.97 101.54 101.13 100.27 98.42 
Atomic proportions normalized to 1 atom 
Au 0.917 0.926 0.944 0.882 0.934 0.948 0.846 0.875 0.827 0.875 0.877 
Ag 0.078 0.061 0.052 0.114 0.065 0.050 0.142 0.116 0.165 0.122 0.112 
Te 0.002 0.002 0.000 0.002 0.001 0.000 0.003 0.000 0.000 0.000 0.000 
Zn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 
As 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Se 0.003 0.008 0.002 0.000 0.000 0.002 0.007 0.006 0.009 0.002 0.011 
Hg 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.003 0.002 0.001 0.000 0.000 0.002 0.002 0.000 0.000 0.000 
23. 99KG-350A 26. 99KG-148 28. 99KG - 113 31. 99KG-122 
24. 99KG-303 27. 99KG-286 29. 99KG-350A 32. 99KG-342 
25. 99KG-280A 30. 99KG-55 
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Calaverite 
Wt.% 1 1 1 1 2 3 4 
Cu 0.00 0.00 0.00 0.05 O.Ql 0.18 0.00 0.00 0.00 
Zn 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 
Ag 0.83 1.20 1.10 0.83 0.61 0.89 0.28 0.93 0.69 
Sb 0.24 0.19 0.22 0.14 0.24 0.29 O.Ql 0.00 0.00 
Te 56.84 60.03 59.79 59.63 56.90 58.63 57.35 54.56 57.07 
Au 43.29 40.00 39.51 39.91 40.69 39.31 43.11 42.97 43.82 
Pb 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 
Total 101.26 101.42 100.62 100.66 98.24 99.30 100.75 98.55 101.59 
Atomic proportions normalized to 2 Te atoms. 
Cu 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Zn 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Ag 0.03 0.05 0.04 0.03 0.03 0.04 0.01 0.04 0.03 
Sb 0.01 0.01 O.Ql 0.01 O.Ql 0.01 0.00 0.00 0.00 
Te 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
Au 0.99 0.86 0.86 0.87 0.93 0.87 0.97 1.02 0.99 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Wt.% 5 5 5 6 7 8 8 9 10 
Cu 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.02 0.05 
Zn 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.02 0.00 
Ag 0.70 0.69 1.15 2.69 0.53 0.72 0.60 0.95 0.73 
Sb 0.00 0.00 0.00 0.00 0.10 0.11 0.20 0.11 0.35 
Te 54.83 55.09 57.72 59.24 57.29 57.81 57.92 57.39 58.12 
Au 43.29 43.21 41.99 39.50 41.73 42.50 42.09 40.42 42.58 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.00 0.00 0.21 0.00 0.00 0.00 
Total 98.81 99.03 100.86 101.43 99.65 101.42 100.82 99.35 101.82 
Atomic proportions normalized to 2 Te atoms. 
Cu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ag 0.03 0.03 0.05 0.11 0.02 0.03 0.02 0.04 0.03 
Sb 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
Te 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
Au 1.02 1.02 0.94 0.86 0.94 0.95 0.94 0.91 0.95 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1. 99KG-202 5. 99KG-330 8. 99KG-90 
2. 99KG-281 6. 99KG-97 9. 99KG99 




Wt.% 10 10 11 11 12 
Cu 0.11 0.00 0.00 0.11 0.08 
Zn 0.00 0.02 0.03 0.02 0.00 
Ag 0.71 0.73 0.36 0.62 0.98 
Sb 0.26 0.58 0.24 0.00 0.05 
Te 57.62 57.53 54.27 54.98 59.45 
Au 41.41 42.44 44.21 44.10 39.87 
Pb 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.03 0.20 0.00 0.25 
Total 100.14 101.35 99.04 99.90 100.95 
Atomic proportions normalized to 2 Te atoms. 
Cu 0.01 0.00 0.00 0.01 0.01 
Zn 0.00 0.00 0.00 0.00 0.00 
Ag 0.03 0.03 0.02 0.03 0.04 
Sb 0.01 0.02 0.01 0.00 0.00 
Te 2.00 2.00 2.00 2.00 2.00 
Au 0.93 0.96 1.06 1.04 0.87 
Pb 0.00 0.00 0.00 0.00 0.00 






Wt.% 1 2 2 2 3 3 
Fe 0.13 0.10 0.04 0.12 0.16 1.11 0.04 0.02 
As 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Se 0.00 0.00 0.00 0.13 0.18 0.41 0.00 0.00 
Ag 0.00 0.00 0.04 0.00 0.02 0.06 0.00 0.00 
Sb 6.41 6.02 6.05 7.43 7.46 7.14 6.75 6.43 
Te 46.15 45.12 47.20 46.00 45.43 46.85 46.80 47.10 
Au 48.60 49.64 48.03 47.10 47.12 45.56 47.38 47.94 
Pb 0.35 0.00 0.25 0.04 0.17 0.12 0.13 0.00 
Bi 0.00 0.00 0.02 0.07 0.00 0.00 0.00 0.08 
Total 101.64 100.88 101.63 100.90 100.54 101.25 101.12 101.57 
Atomic Proportions Normalized to 100 percent 
Fe 0.350 0.273 0.108 0.320 0.424 2.904 0.119 0.052 
As 0.000 0.000 0.000 0.000 0.000 0.000 0.020 0.000 
Se 0.000 0.000 0.000 0.251 0.352 0.758 0.000 0.000 
Ag 0.000 0.000 0.056 0.003 0.031 0.080 0.000 0.000 
Sb 7.916 7.528 7.463 9.178 9.251 8.582 8.350 7.927 
Te 54.381 53.833 55.555 54.206 53.722 53.738 55.211 55.423 
Au 37.100 38.368 36.623 35.961 36.100 33.852 36.208 36.542 
Pb 0.254 0.000 0.181 0.031 0.120 0.087 0.093 0.000 
Bi 0.000 0.000 0.014 0.050 0.000 0.000 0.000 0.057 
Sylvanite and Krennerite 
Wt.% 4 5 6 7 7 7 
Au 23.00 24.72 34.91 35.14 33.64 34.92 
Ag 12.93 11.74 3.68 4.11 5.19 4.61 
Te 64.11 62.04 60.60 59.24 59.63 60.97 
Bi 0.00 0.00 0.00 0.00 0.00 0.01 
Cu 0.00 0.00 0.64 0.46 0.00 0.01 
Zn 0.00 0.01 0.00 0.00 0.00 0.00 
Pb 0.00 0.09 0.00 0.00 0.00 0.00 
Total 100.05 98.59 99.82 98.94 98.46 100.53 
Atomic proportions normalized to 4 Te atoms (sylvanite) or 2 Te atoms (krennerite) 
Au 0.930 1.033 0.746 0.769 0.731 0.742 
Ag 0.954 0.895 0.144 0.164 0.206 0.179 
Te 4.000 4.000 2.000 2.000 2.000 2.000 
Bi 0.000 0.000 0.000 0.000 0.000 0.000 
Cu 0.000 0.000 0.042 0.031 0.000 0.000 
Zn 0.000 0.002 0.000 0.000 0.000 0.000 
Pb 0.000 0.003 0.000 0.000 0.000 0.000 
1. 99KG-202B 4. 99kG-202A (sylvanite) 6. 99KG-264A (krennerite) 




Wt.% 1 2 3 3 3 4 5 6 6 
Cu 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 
Zn 0.00 0.00 0.09 0.06 0.00 0.00 0.00 0.04 0.02 
Ag 40.03 42.15 40.68 41.61 43.76 40.67 41.31 40.31 40.51 
Te 32.49 32.67 31.45 31.47 32.82 33.92 33.23 33.64 34.12 
Au 26.19 24.60 27.38 25.99 24.58 26.86 25.13 25.25 26.23 
Hg 0.00 0.11 0.15 0.03 0.00 0.00 0.00 0.00 0.00 
Pb 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.05 0.00 0.09 0.00 0.11 0.00 0.00 0.08 
Total 98.72 99.58 99.75 99.27 101.16 101.56 99.71 99.23 100.96 
Atomic proportions normalized to 2 Te atoms 
Cu 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.000 0.000 
Zn 0.000 0.000 0.011 0.007 0.000 0.000 0.000 0.004 0.002 
Ag 2.915 3.052 3.060 3.128 3.154 2.837 2.941 2.834 2.809 
Te 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 
Au 1.044 0.976 1.128 1.070 0.970 1.026 0.980 0.972 0.996 
Hg 0.000 0.004 0.006 0.001 0.000 0.000 0.000 0.000 0.000 
Pb 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Wt.% 7 8 8 8 8 9 10 11 12 
Cu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 
Zn 0.00 0.00 0.00 0.00 0.14 0.00 0.09 0.00 0.01 
Ag 40.70 40.41 40.42 40.43 40.77 41.24 40.95 42.33 41.85 
Te 32.70 33.32 33.28 33.26 33.13 33.49 33.32 31.08 31.08 
Au 25.39 24.89 25.67 25.61 24.81 25.73 24.40 25.39 25.32 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 
Pb 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 
Bi 0.04 0.00 0.00 0.07 0.08 0.00 0.14 0.00 0.00 
Total 98.83 98.63 99.37 99.42 98.92 100.46 98.89 98.80 98.84 
Atomic proportions normalized to 2 atoms 
Cu 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006 
Zn 0.000 0.000 0.000 0.000 0.016 0.000 0.010 0.000 0.002 
Ag 2.944 2.869 2.873 2.875 2.911 2.913 2.908 3.222 3.186 
Te 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 
Au 1.006 0.968 0.999 0.997 0.970 0.995 0.949 1.059 1.056 
Hg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.022 
Pb 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
1. 99KG-203 5. 99KG-5 9. 99KG-250 
2. 99KG-202B 6. 99KG-44C 10. 99KG-204 
3. 99KG-202A 7. 99KG-90B 11. 99KG-280A 
4. 99KG-101B 8. 99KG-97 12. 99KG-121 
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Hessite 
Wt.% 1 1 1 1 1 1 1 
s 0.03 0.00 0.02 0.00 0.09 0.00 0.00 
Fe 0.23 0.07 0.02 0.07 0.44 0.06 0.06 
Cu 0.11 0.17 0.06 0.01 0.00 0.00 0.09 
Zn 0.04 0.00 0.11 0.00 0.00 0.00 0.03 
Ag 61.54 61.40 60.94 61.80 61.78 60.65 61.49 
Te 37.83 37.21 37.03 37.69 36.59 37.04 37.45 
Hg 0.00 0.20 0.00 0.15 0.00 0.00 0.00 
Au 1.13 0.14 0.13 0.00 0.43 0.77 0.00 
Bi 0.00 0.00 0.00 0.06 0.01 0.00 0.15 
Total 100.91 99.19 98.31 99.76 99.33 98.53 99.27 
Atomic proportions normaized to 1 Te atom 
s 0.003 0.000 0.002 0.000 0.009 0.000 0.000 
Fe 0.014 0.004 0.001 0.004 0.027 0.004 0.003 
Cu 0.006 0.009 0.003 0.000 0.000 0.000 0.005 
Zn 0.002 0.000 0.006 0.000 0.000 0.000 0.002 
Ag 1.924 1.952 1.947 1.940 1.997 1.937 1.942 
Te 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Au 0.019 0.002 0.002 0.000 0.008 0.013 0.000 
Hg 0.000 0.003 0.000 0.002 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.001 0.000 0.000 0.002 
Wt.% 2 2 2 
s 0.11 0.02 0.13 0.21 0.14 
Fe 0.52 0.07 0.11 0.17 0.09 
Cu 1.05 0.00 0.07 0.00 0.00 
Zn 0.08 0.06 0.00 0.06 0.00 
Ag 61.56 61.89 59.95 60.68 60.04 
Te 37.65 37.58 36.79 37.37 37.60 
Au 0.00 0.00 0.00 0.06 0.25 
Hg 0.00 0.78 0.81 0.75 0.73 
Bi 0.12 0.00 0.00 0.03 0.03 
Total 101.07 100.40 97.87 99.33 98.88 
Atomic proportions normaized to 1 Te atom 
s 0.011 0.002 0.014 0.023 0.015 
Fe 0.032 0.004 0.007 0.010 0.005 
Cu 0.056 0.000 0.004 0.000 0.000 
Zn 0.004 0.003 0.000 0.003 0.000 
Ag 1.934 1.948 1.928 1.921 1.889 
Te 1.000 1.000 l.000 1.000 1.000 
Au 0.000 0.000 0.000 0.001 0.004 
Hg 0.000 0.013 0.014 0.013 0.012 
Bi 0.002 0.000 0.000 0.001 0.000 
1. 99KG-5 2. 99KG-122 
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Coloradoite 
Wt.% 1 2 2 2 3 4 4 4 
Cu 0.01 0.00 0.06 0.04 0.02 0.03 0.00 0.05 
Zn 0.17 0.00 0.07 0.00 0.00 0.00 O.Ql 0.14 
Ag 0.06 0.05 0.06 0.34 0.02 0.18 0.39 0.16 
Te 40.44 40.81 41.72 39.79 41.25 38.85 40.24 38.77 
Au 0.02 0.00 0.00 0.09 0.00 0.00 1.57 0.04 
Hg 60.72 59.35 58.91 59.14 59.67 60.78 57.37 59.56 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 101.41 100.20 100.82 99.39 100.96 99.83 99.57 98.71 
Atomic proportions normalized to 1 Te atom 
Cu 0.000 0.000 0.003 0.002 0.001 0.001 0.000 0.003 
Zn 0.008 0.000 0.003 0.000 0.000 0.000 0.001 0.007 
Ag 0.002 0.001 0.002 0.010 0.001 0.005 0.011 0.005 
Te 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Au 0.000 0.000 0.000 0.001 0.000 0.000 0.025 0.001 
Hg 0.955 0.925 0.898 0.946 0.920 0.995 0.907 0.977 
Pb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Wt.% 5 6 6 7 8 8 9 10 
Cu 0.00 0.02 0.00 0.00 0.00 0.06 0.14 0.07 
Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ag 0.00 0.08 0.00 0.00 0.00 0.00 0.07 0.00 
Te 38.95 40.86 41.06 39.43 40.23 40.44 40.92 38.13 
Au 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.43 
Hg 59.56 59.47 59.91 59.22 59.71 60.78 60.36 60.49 
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 98.51 100.43 100.97 98.64 99.95 101.28 101.56 99.11 
Atomic proportions normalized to 1 Te atom 
Cu 0.000 0.001 0.000 0.000 0.000 0.003 0.007 0.004 
Zn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ag 0.000 0.002 0.000 0.000 0.000 0.000 0.002 0.000 
Te 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Au 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.007 
Hg 0.973 0.926 0.928 0.955 0.944 0.956 0.938 1.009 
Pb 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
1. 99KG-168 5. 99KG-88B 9. 99KG-44C 
2. 99KG-264A 6. 99KG-44C 10. 99KG-55 
3. 99KG-101B 7. 99KG-97 
4. 99KG-330 8. 99KG-225 
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Coloradoite (continued) 
Wt.% 11 12 13 14 15 
Cu 0.00 0.11 0.00 0.03 0.00 
Zn 0.00 0.03 0.00 0.02 0.48 
Ag 0.25 0.16 0.07 0.01 0.07 
Te 41.04 39.62 41.03 40.80 40.60 
Au 0.00 0.00 0.00 0.00 0.00 
Hg 60.31 61.00 57.48 57.47 59.50 
Pb 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.00 0.00 
Total 101.59 100.92 98.59 98.32 100.65 
Atomic proportions normalized to 1 Te atom 
Cu 0.000 0.006 0.000 0.001 0.000 
Zn 0.000 0.002 0.000 0.001 0.023 
Ag 0.007 0.005 0.002 0.000 0.002 
Te 1.000 1.000 1.000 1.000 1.000 
Au 0.000 0.000 0.000 0.000 0.000 
Hg 0.935 0.979 0.891 0.896 0.932 
Pb 0.000 0.000 0.000 0.000 0.000 
Bi 0.000 0.000 0.000 0.000 0.000 
11. 99KG-122 14. 99KG-35 




Wt.% 1 1 2 2 2 2 2 2 
Cu 0.05 0.04 0.05 0.00 0.00 0.05 0.00 0.00 0.02 
Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ag 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 
Au 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Te 39.07 40.17 38.23 40.31 39.73 39.76 40.11 39.75 39.89 
Hg 0.59 0.35 0.03 0.39 0.00 0.00 0.00 0.00 0.00 
Pb 60.64 61.26 63.32 59.91 60.78 60.93 59.04 59.11 59.59 
Bi 0.18 0.06 0.32 0.19 0.13 0.11 0.00 0.31 0.00 
Total 100.53 101.88 101.95 100.81 100.64 100.84 99.15 99.17 99.50 
Atomic proportions nonnalized to 1 Te atom 
Cu 0.003 0.002 0.003 0.000 0.000 0.002 0.000 0.000 0.001 
Zn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ag 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Te 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Au 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Hg 0.010 0.006 0.000 0.006 0.000 0.000 0.000 0.000 0.000 
Pb 0.956 0.939 1.020 0.915 0.942 0.944 0.906 0.916 0.920 
Bi 0.003 0.001 0.005 0.003 0.002 0.002 0.000 0.005 0.000 
Wt.% 2 2 4 4 5 5 5 5 6 
Cu 0.00 0.49 0.00 0.06 0.11 0.12 0.38 0.00 0.00 
Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ag 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 
Te 40.13 40.21 40.42 39.19 38.18 38.17 36.75 39.74 39.74 
Au 0.00 0.00 0.33 0.00 0.00 0.00 0.53 0.00 0.00 
Hg 0.39 0.31 0.00 0.00 0.09 0.00 0.00 0.17 0.00 
Pb 59.69 60.35 60.95 60.06 60.43 59.58 62.72 60.53 61.04 
Bi 0.19 0.02 0.07 0.16 0.24 0.13 0.21 0.10 0.15 
Total 100.40 101.38 101.77 99.48 99.05 98.07 100.59 100.54 100.93 
Atomic proportions nonnalized to 1 atom 
Cu 0.000 0.024 0.000 0.003 0.006 0.006 0.021 0.000 0.000 
Zn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ag 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 
Te 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Au 0.000 0.000 0.005 0.000 0.000 0.000 0.009 0.000 0.000 
Hg 0.006 0.005 0.000 0.000 0.002 0.000 0.000 0.003 0.000 
Pb 0.916 0.924 0.928 0.944 0.975 0.961 1.051 0.938 0.946 
Bi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1. 99KG-202B 4. 99KG-44C 
2. 99KG-202A 5. 99KG-44A 
3. 99KG-142B 6. 99KG-46 
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Altaite (continued) 
Wt.% 7 7 7 8 8 8 8 9 10 
Cu 0.03 0.08 0.02 0.00 0.00 0.00 0.07 0.00 0.00 
Zn 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ag 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Te 38.72 39.05 38.61 39.36 39.54 40.51 39.29 38.36 40.14 
Au 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.40 0.18 0.45 0.00 
Pb 60.93 61.24 60.96 60.45 60.11 59.49 60.36 62.37 61.70 
Bi 0.17 0.29 0.00 0.17 0.15 0.23 0.04 0.42 0.10 
Total 100.05 100.67 99.59 99.98 99.80 100.63 99.95 101.60 101.95 
Atomic proportions normalized to 1 atom 
Cu 0.002 0.004 0.001 0.000 0.000 0.000 0.004 0.000 0.000 
Zn 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ag 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Te 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Au 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Hg 0.000 0.000 0.000 0.000 0.000 0.006 0.003 0.007 0.000 
Pb 0.969 0.966 0.972 0.946 0.936 0.904 0.946 1.001 0.947 
Bi 0.005 0.005 0.000 0.005 0.005 0.005 0.005 0.005 0.005 
Wt.% 11 11 11 12 13 14 
Cu 0.04 0.02 0.00 0.00 0.00 0.00 
Zn 0.00 0.00 0.00 0.00 0.00 0.00 
Ag 0.00 0.40 0.20 0.00 0.00 0.08 
Te 39.85 39.13 39.88 36.95 40.81 41.64 
Au 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 0.29 0.34 0.38 0.00 0.00 0.30 
Pb 60.50 58.62 60.47 61.25 56.95 59.63 
Bi 0.31 0.07 0.02 0.18 0.26 0.06 
SUM 100.99 98.57 100.94 98.44 98.57 101.92 
Atomic proportions normalized to 1 atom 
Cu 0.002 0.001 0.000 0.000 0.000 0.000 
Zn 0.000 0.000 0.000 0.000 0.000 0.000 
Ag 0.000 0.012 0.006 0.000 0.000 0.002 
Te 1.000 1.000 1.000 1.000 1.000 1.000 
Au 0.000 0.000 0.000 0.000 0.000 0.000 
Hg 0.005 0.006 0.006 0.000 0.000 0.005 
Pb 0.005 0.005 0.005 0.005 0.005 0.005 
Bi 0.005 0.001 0.000 0.003 0.004 0.001 
7. 99KG-142C 10. 99KG-142A 13. 99KG-35 
8. 99KG-44B 11. 99KG-44C 14. 99KG-52 
9. 99KG-141 12. 99KG-55 
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Tellurantimony 
Wt.% 1 1 1 1 1 2 2 
s 0.05 0.05 0.07 0.04 0.05 0.02 0.01 0.01 
Fe 0.06 0;08 0.11 0.16 0.09 0.08 0.11 0.09 
Cu 0.06 0.00 0.12 0.00 0.06 0.00 0.01 0.02 
As 1.12 1.54 0.84 1.71 1.30 1.86 1.38 0.61 
Ag 0.06 0.03 0.01 0.23 0.02 0.06 0.02 0.03 
Sb 37.38 37.07 36.82 36.76 37.60 37.97 36.61 36.50 
Te 60.79 60.01 60.65 59.68 60.55 61.26 60.47 60.00 
Au 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Hg 0.00 0.04 0.11 0.14 0.00 0.00 0.00 0.64 
Pb 0.49 0.49 0.45 0.60 0.46 0.45 0.25 0.67 
Bi 0.07 0.00 0.00 0.08 0.00 0.05 0.00 0.00 
Total 100.13 99.30 99.16 99.39 100.11 101.76 98.85 98.57 
Atomic Propostions Normalized to 3 Te atoms 
s 0.010 0.011 0.013 0.007 0.009 0.004 0.001 0.002 
Fe 0.007 0.009 0.012 0.019 0.010 0.009 0.012 0.011 
Cu 0.006 0.000 0.012 0.000 0.006 0.000 0.001 0.002 
As 0.094 0.131 0.071 0.146 0.109 0.155 0.117 0.052 
Ag 0.004 0.002 0.001 0.014 0.001 0.004 0.001 0.002 
Sb 1.933 1.943 1.909 1.937 1.952 1.949 1.903 1.912 
Te 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 
Au 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Hg 0.000 0.001 0.003 0.004 0.000 0.000 0.000 0.020 
Pb 0.015 0.015 0.014 0.019 0.014 0.014 0.008 0.021 
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